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ABSTRACT

The ASEAN nations and the Indonesian government prioritize sustainable development through programs
on water, energy, food, conservation, and climate change mitigation. Developing agroforestry in private forests
holds strategic potential to enhance sustainable forestry and strengthen rural economies. Farmers’ perceptions
and preferences regarding agroforestry management are crucial for improving program outcomes. This study aims
to develop an agroforestry prototype in private forests by integrating farmer perceptions and preferences with
financial considerations. In Situdaun Village, Bogor Regency, West Java, Indonesia, we collected data through in-
terviews utilizing a questionnaire. Subsequently, we conducted an analysis using descriptive statistics, Likert scale
relative frequencies, and a financial feasibility assessment. The study findings indicate that farmers’ perceptions
and preferences are appropriate for agroforestry development. The economic viability of this agroforestry model is
essential for farmers’ well-being and ecological sustainability. Agroforestry aligns with the land maximization ap-
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proach, enhancing the restoration of degraded land and forests, supplying bioenergy, and reducing GHG emissions.

We recommend efficient extension services to enhance farmers’ institutional capacity, strengthened by government

programs and policies to address livelihood requirements, incentive schemes, human capital development, stake-

holder engagement for implementing the agroforestry prototype, and downstream processes, alongside developing

community-based land and forest rehabilitation initiatives.

Keywords: Agroforestry Prototype; Financial Feasibility; Land Maximization; Perceptions; Preferences

1. Introduction

Private forests, defined as forests on private land
under individual or communal property rights, play an
increasingly strategic role in addressing environmental
and socioeconomic challenges in Indonesia. Small-scale
farmer-owned private forests, or ‘hutan rakyat’ in In-
donesia, have been expanding quickly[!l. Private forests
are becoming more critical in the management and gov-
ernance of national forests in Java, where state forest
property is scarce and community demand for land is
high[? 31, The situation in Bogor Regency is particularly
noteworthy: the quantity of private forest increased
significantly by 21,188.19 hectares from 2010 to 2020,
reaching 33,084.91 hectares in 2020 [,

The ASEAN Food, Agriculture and Forestry (FAF)
Sector’s Vision and Strategic Plan 2016-2030 empha-
sizes the importance of sustainable forest management
within the ASEAN region. As the world’s third-largest
tropical forest area, ASEAN prioritizes addressing global
environmental issues. The region’s strategies incorpo-
rate socioeconomic and cultural factors at the landscape
level, ensuring that the needs of present and future gen-
erations are met while advancing broader sustainable
development goals. One of the key strategic thrusts of
this policy framework is to increase resilience to climate
change, natural disasters, and other shocks [5-81.

The government of Indonesia is currently imple-
menting 17 national priority programs that encompass
strategic objectives, including food, water, and energy
self-sufficiency, alongside environmental conservation,
with a target of achieving net-zero emissions. Within
this policy framework, agroforestry holds significant
potential to contribute to the achievement of these
goals by enhancing food production, increasing house-

hold income, and strengthening adaptation to climate

variability. In Kenya, during drought conditions, agro-
forestry farmers reported a 25% increase in food secu-
rity compared with those involved in conventional farm-
ing systems[°l. Agroforestry is a land-use system com-
monly employed by numerous private forest proprietors
in Javal'l, facilitating the integration of timber, horti-
cultural crops, and multipurpose tree species (MPTS)
within a unified spatial and temporal framework 1!l to
increase smallholder production for augmented social,
economic, and environmental advantages 2.

Compared with other regions, private forest culti-
vation in Java is characterized by greater intensification,
diversification, and farmer autonomy[?. The develop-
ment of agroforestry in private forests in Bogor Regency,
as devised by government programs, highlights its po-
tential for advancing sustainable forestry development,
particularly in enhancing rural private economies. It
is part of the agroforestry private forest development
scheme of the Bogor Forestry Service Branch (CDK Re-
gion I, Bogor Regency). However, despite their poten-
tial, agroforestry systems on private lands frequently
suffer from implementation gaps, stemming primarily
from top-down program designs that marginalize farm-
ers’ voices in key decisions such as species selection and
cropping configuration 13-151,

On the basis of field observations in 2023, Situ-
daun Village in Tenjolaya Subdistrict exemplifies tenant
farmers using informal agreements to administer seg-
ments of privately owned forests collectively. Landown-
ers grant access without rental fees, and farmers are
expected to participate actively in the upkeep of MPTS
components and timber. From random combinations
to alley cropping, spatial arrangements are often tai-
lored to specific practices, species preferences, and farm-
ers’ knowledge. The government (CDK Region I) is the
primary source of seeds, but differences between the
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species offered and those that are preferred often re-
sult in poor adoption, less care, and even neglect of the
planted species, which lowers survival rates and reduces
the effectiveness of agroforestry 1% 171, The type of crops
selected by farmers is essential for effective agroforestry
land management. In addition, selecting cropping pat-
terns is one of the strategies for regulating the success
rate of land management. Deriving insight into farmers’
perceptions of and preferences for agroforestry is essen-
tial for identifying systems with the highest potential for
adoption, thus guiding the success of rural development
projects[18],

The disjunction between governmental interven-
tions and farmer autonomy illustrates a recurring defi-
ciency in community forestry initiatives, wherein inade-
quate consideration of farmers’ views and preferences

19,201 Farmers’

undermines long-term sustainability!
knowledge systems, livelihood goals, and cultural valu-
ations of specific species are seldom incorporated into
agroforestry design, despite substantial evidence indi-
cating that participatory approaches increase adoption
rates, ecological resilience, and economic returns 21221,
Moreover, the efficacy of agroforestry depends not only
on biophysical compatibility but also on socioeconomic
viability, as farmers’ perspectives influence land valua-
tion, species prioritization, and the allocation of man-
agement resources (231, Although the issue of private
forest tenure has been extensively studied 4], insights
into farmers’ perceptions of and preferences for agro-
forestry systems at the farm level remain notably lim-
ited [25-27],

the role of small-scale private forest owners in analy-

Addressing this gap requires recognizing

ses and policy frameworks 28], This research revealed a
strong demand among respondents in decision-making
related to forest management. Strengthening stakehold-
ers’ engagement across sectors and governance levels
is essential to building inclusive coalitions that support
long-term sustainability and transformative change [2°].
Participatory approaches incorporating local knowledge
enhance the legitimacy of forest governance interven-
tions and improve compliance and effectiveness by align-
ing decisions with community-specific needs and prior-
30]

ities! Therefore, comprehending farmers’ cognitive

and economic rationalities is essential for designing eco-

logically sustainable, financially feasible, and socially ac-
ceptable agroforestry prototypes. This involvement will
increase the incentive to optimize their resources for the
effective implementation of agroforestry.

This study aims to fill this significant gap by examin-
ing the attitudes and desires of private forest farmers in
Situdaun Village, Bogor Regency. The objectives are: (1)
to examine farmers’ perceptions of agroforestry and its
management in privately owned forestlands; (2) to iden-
tify tree and crop species that correspond with farmers’
preferences and local ecological conditions; and (3) to
create financially viable agroforestry model prototypes
that align with farmers’ decision-making processes. On
the basis of these findings, this research highlights the
role of farmers in the development of prototypes for
agroforestry, which we propose can inform recommen-
dations for the design of government programs in this
area. Programs were designed to integrate farmers’ per-
ceptions and preferences, improve adoption and ensure
sustainable agroforestry management. This approach
promotes more practical, adaptable, and sustainable ap-
proaches to private forest governance in Indonesia.

2. Materials and Methods

2.1. Study Area

This

agroforestry-based private forests in Situdaun Village,

study was conducted in one of the
Bogor Regency, West Java Province, Indonesia, desig-
nated as a target area for advancing community-based
agroforestry by CDK Region 1, Bogor Regency. It is lo-
cated at 106°42’32” East longitude, 6°37°21” South lat-
itude with elevations ranging from 175-1500 meters
above sea level (ASL) (Figure 1). The topography of
Situdaun Village ranges from plains to steep hills on
the southern slopes of Mount Halimun Salak. The dis-
trict receives an average rainfall of 2,500 mm/year and
an average temperature of 25-26°C. Covering an area
of about 3.29 km? constitutes 14.53% of the total area
of Tenjolaya District. Situdaun has an estimated pop-

ulation of 10,570 people 31,

The site was intention-
ally chosen for its role as a pilot area in advancing pri-
vate forest agroforestry systems and the notable exis-

tence of active farmer collectives engaged in integrated
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forest-horticulture production. The socioecological en- ber and crop production, presents an exemplary model

vironment of Situdaun, marked by informal land-sharing

agreements and significant farmer involvement in tim-

for examining local agroforestry dynamics rooted in
practical application.
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Figure 1. Study Area in Situdaun Village, West Java.

Sources: Esri Basemap and BIG - Badan Informasi Geospasial 2023.

2.2. Methodology

The research methodology is summarized in Fig-
ure 2, which presents a research framework.

2.3. Data Collection and Analysis

2.3.1. Data Collection

The research employed a mixed-methods frame-
work, incorporating secondary sources while emphasiz-
ing primary data collection. To obtain primary data,
we conducted structured interviews with private forest
farmers. Direct interviews were conducted from June
to September 2023. A total of 30 private forest farmers
involved in agroforestry management within the study
area were selected through a census method. The cen-

sus is appropriate for small, well-defined populations
where complete enumeration enhances statistical relia-
bility and local significance3?. The respondents com-
prised 23 Tunas Lestari farmer group members and
seven tenant farmers, thus representing the full spec-
trum of farmer typologies in the study area. In each
interview, the interviewer visited respondents at their
home or private forest to gather data on agroforestry
management practices. The questionnaire aimed to as-
sess farmers’ perceptions of agroforestry management
within four main subsystems of private forest manage-
ment. Each indicator was assessed using a five-point
Likert scale widely recognized for measuring percep-
tions 3334, The details of the Likert scale are presented
in Table 1.
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Figure 2. Research Framework for Agroforestry Model Development.

Table 1. Likert Scale of Agroforestry Management Assessment.

Respondent’s Responses

Likert Scale Description

Strongly Disagree

Strong disagreement with the condition of the assessed indicator, be-

1 cause the actual condition is deplorable/ very weak/ very low/ signifi-

cantly underdeveloped compared to expectations.

Disagree

Disagreement with the condition of the assessed indicator is due to the

2 actual condition being slightly poor/ slightly weak/ slightly low/ some-

what underdeveloped compared to expectations.

Neither

Moderate or enough position toward the condition of the assessed in-

3 dicator, because the actual condition is acceptable and generally meets

expectations, although it has not shown much progress/ improvement.

Agree

Agreement with the condition of the indicator being assessed, because
the actual condition meets expectations or desired standards.

Strongly Agree

Strong agreement with the condition of the indicator being assessed, be-

5 cause the actual condition is excellent/ highly developed/ fully aligned

with expectations/ desired outcomes.
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We subsequently examined government papers,
scientific literature, and institutional databases to gather
secondary data. Interviews using Likert scale question-
naires to private forest farmers were deployed through
closed-ended questionnaires to get perception data, par-
ticularly indicators within each of the subsystems of pri-
vate forest management. Open-ended questionnaires to
explore their preferences for agroforestry practices, rat-
ing score of desired species plants, and cropping pat-

tern. Researchers conducted field observations to exam-

ine the overall conditions of their farming practices and
identify various agricultural methods and their compo-
nents, including tree crop components, and the species

of trees and shrubs grown in fields 3%,

2.3.2. Demographic Characteristics of Re-
spondents

The demographic characteristics of the respon-
dents are summarized in Table 2. These include key vari-
ables such as gender, age distribution, primary occupa-

tion, education, and income range.

Table 2. Demographic Characteristics of Respondents.

Category Demographic Profile Frequency Percentage (%)
Gender Male 30 100.00
< 40 years 3 10.00
41-55 years 16 53.33
Age
56-70 years 10 33.33
> 71 years 1 3.33
Private Forests Farmers 20 66.66
Main Occupation Labor 8 26.67
Entrepreneurship 2 6.67
Not Pursued Formal Education 5 16.67
Education Level Elementary School 21 70.00
Junior High School 4 13.33
< $278 1 3.33
$278-$700 4 13.33
Annual Income $701-$1,400 11 36.67
$1,401-$2,500 5 16.67
$2,501-$4,000 7 23.33
> $4,000 2 6.67

Most respondents were engaged members of
farmer group institutions, and this cohort exhibited
more nuanced opinions, especially for the processing
and institutional subsystems. It aligns with the findings
of Sukwika 3], who identified that group affiliation en-
hances information accessibility, strengthens social cap-
ital, and facilitates the adoption of innovations.

Most forest farmer respondents (53.33%) were be-
tween 41 and 55 years old, which is typically associated
with the workforce demographic. This group demon-
strated the most positive opinions for production and
marketing subsystems, presumably owing to their cog-
nitive and physical abilities to adopt new methods 371,
This suggests that forthcoming interventions focus on
this age demographic as pivotal change agents.

Most farmers had only primary to secondary ed-

ucation. Despite relatively low levels of formal edu-
cation, this was frequently counterbalanced by practi-
cal knowledge and sustained engagement in land-based
livelihoods. Rahut[®*®] revealed analogous findings, in-
dicating that limited formal education seldom impedes
practical proficiency in agroforestry management in sub-
sistence systems. Different studies have shown that
socio-economic characteristics substantially influence
farmers’ adoption behavior regarding new practices 3],
The predominant occupation among survey respon-
dents was farming, especially those who worked in
agroforestry systems. These people gave more compli-
cated answers on Likert scales, which indicates they had
stronger emotional and financial ties to their land-use
systems. Farmers relying heavily on agroforestry are

usually more open to changes that bring long-term eco-
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logical and economic stability [22],

2.3.3. Analysis of Farmers’ Perceptions of
Agroforestry Management

The quantitative data were coded and analyzed
via statistical software. Quantitative descriptive anal-
ysis methods have been used to describe respondents’
characteristics via survey responses and to support
the literature. The technique applied was frequency
distribution. The farmer characteristics analyzed in-
cluded membership in agricultural farmer groups, age
group, level of education, primary occupation, and an-
nual income. This study analyzes farmers’ percep-
tions of agroforestry management via the Likert scale
score perception analysis equation and simple statisti-
cal analysis to identify the mode or the most frequently
selected Likert scale number from the responses of all
respondents, utilizing a five-point Likert scale. This
analysis was used to analyze farmers’ perceptions of
agroforestry management, which includes four subsys-
tems of private forest management (production, pro-
cessing, marketing, and institutional subsystems) ac-

cording to Hardjanto*%. The Likert scale formula is

as follows:
TS == Zi:l Pn (1)
where:
TS = Total score
P, = Likert scale number options
TS
PS (%) = x 100 (2)
Yxn

where:

PS = Percentage of respondents’ perception score
Y = Maximum or highest score on the Likert scale
n = Number of respondents
The score interval determination categories (Table
3 used in this research are as follows:

PS — PS,;
S . t 1 0, — max man 3
core interval (%) Number of Category (3)
where:
PSmax = Percentage of maximum perception

score (PSyax = 100)
PSpmin = Percentage of minimum perception score
(PSmin = 20)

Table 3. Score Interpretation Categories.

Interval Categories
20%-35.9% Very Poor
36%-51.9% Poor
52%-67.9% Moderate
68%-83.9% Good
84%-100% Excellent

2.3.4. Analysis of Farmers’ Preferences on
Agroforestry Management

The farmers’ preferences for crop and cropping pat-
terns were analyzed via descriptive statistical analysis,
i.e,, identifying the mode or type of cropping. The crop
types and patterns most frequently selected by all farm-
ers were then used to develop recommended crop com-
binations for the agroforestry prototype.

2.3.5. Financial Feasibility Analysis of Agro-
forestry Model Prototype

The recommendations of the proposed agroforestry
model prototype are determined by forest farmers’ per-

ceptions and preferences in selecting crop types, plant-

ing patterns, and cultivation techniques. This analysis
was conducted to determine and compare the feasibility
of land management for each agroforestry model on the
basis of existing patterns and farmer preferences, which
were designed as prototypes of agroforestry models. The
agroforestry model prototype must meet the criteria of
investment feasibility and be superior to existing mod-
els. The criteria used include the Net Present Value (NPV),
Benefit Cost Ratio (BCR), and Internal Rate of Return
(IRR), as presented in Table 4. The recommended agro-
forestry private forest business prototype is feasible if
NPV >0, BCR > 1, and IRR > i[> 42]. The financial feasibil-
ity analysis of the agroforestry model in the private forest,

Situdaun Village, is based on the following assumptions:
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(1) the discount factor (DF) is 6% annually, following the
Micro Credit Program capital (Kredit Usaha Rakyat/KUR)
of Bank BRI on August 2023; (2) the capital source is en-
tirely self-funded (USD/ha/year); (3) the financial feasi-
bility is assessed by comparing the existing and proto-
type model with an area of 1 hectare and the business

period is 20 years; (4) the expense incurred for obtain-

ing or leasing land is not factored as the land is owned;
(5) inflow and outflow prices portrayed are based on con-
stant prices prevailing during the data collection; (6) the
economy of the country remained stable during the anal-
ysis period; and (7) all monetary values were converted
from IDR to USD using an exchange rate of USD 1 = IDR
15,241 based on www.ExchangeRate.org in 2023.

Table 4. Indicators of Financial Feasibility Analysis.

Indicators Formula Decision criteria
n
_ (Bt- Ct)
NPV NPV =3 O NPV > 0
T e
BCR BCR= = BCR>1
21 Theiyt
s : NPV, : :
IRR IRR = (12 —11) (m) =+ 11 IRR > i
Note: Bt = Gross farmer revenue in year-t, Ct = Gross farming costs in year-t, n = Economic life of the business, t = Production period, i = Prevailing discount rate.
3. Results components were in the “moderate” range, or in the fair

3.1. Farmers’ Perceptions on Agroforestry
Private Forest Management

It is imperative to comprehend farmers’ percep-
tions, attitudes, and preferences to develop and man-
age agroforestry through a holistic approach 3% 431, The
farmers’ perceptions were analyzed within four princi-
pal subsystems: production, processing, marketing, and

[40

institutions*%!. Figure 3 illustrates that the production

subsystem had the highest perception score (75.1%), fol-
lowed by marketing (72.5%), which falls in the good cat-
egory. The processing (59.6%) and institutional (63.8%)
Production Subsystems
Processing Subsystems

Marketing Subsystems

Institutional Subsystems

category.

Figure 4 displays the results of the forest farmers’
perception analysis via relative frequency for each Lik-
ert scale to identify all the responses of the respondents
about agroforestry management in the study area.

Farmers’ perceptions of private forest manage-
ment are shaped by their practical experience and the
knowledge they receive. This knowledge is often trans-
mitted across generations and embedded in local cul-
tural traditions. Table 5 briefly presents the indicators
used to analyze forest farmers’ perceptions in the study

area.

59.6%

64.5%

Figure 3. Likert Scale Frequency of Forest Farmers’ Perceptions of Agroforestry Management System in the Study Area.
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Production Subsystems =) 11%

Processing Subsystems

Marketing Subsystems U8 12.7%

Institutional Subsystems
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22.8% 11.1%

80% 90%

Table 5. Farmers’ Perceptions of Agroforestry Private Forest Management in The Study Area.

100%

Figure 4. Likert Scale Category of Forest Farmers’ Perceptions of Private Forest Management in The Study Area.

No. Indicators Score (%)  Average (%) Categories
Production Subsystem
1 Reduced intensity of pests and diseases in crops due to agroforestry 64.7
2 Increased profitability with the combination of forestry woods and 74.0
fruit crops at appropriate spaces
3 Enhanced management efficiency through the plant at regular 733
intervals
4 Increased benefits for environmental sustainability with the number 82.7
of forestry wood plant combinations 751 Good
5 Suitability of land conditions for the selection of crop types 69.3
6 Sufficient water storage capacity to sustain agroforestry systems 72.0
7 Greater profits in agroforestry patterns compared to monoculture 84.7
8 Suitability of plant spacing 81.3
9 Selective seed selection to ensure quality 62.0
10  Ease of planting and maintaining crops within agroforestry systems 86.7
Processing Subsystem
1 Farmers’ ability to process agroforestry commodity products 44.7
2 Facilities and supporting facilities for production processing 53.3
3 Availability of labor for processing activities 70.7
4 Interest of local communities in agroforestry processing activities 71.3 59.6 Moderate
5 Existing Partner support (e.g., cooperatives, NGOs, private sector) 52.7
6 Raw material supply capacity for processing activities 64.7
Marketing Subsystem
1 Marketing ease 83.3
2 Ease of access to market information 82.7
3 The strength of the farmer’s position determining the sales price 56.0 725 Good
4  Agroforestry products for commercial farming 63.3
5 Agroforestry products for subsistence farming 77.3
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Table 5. Cont.

No. Indicators Score (%)  Average (%) Categories
Institutional Subsystem

1 The role of farmer groups in agroforestry management 60.0

2 Extension’s role in developing agroforestry management skills 56.7

3 Farmers developing private forests based on their motivation 76.0

4 The impact of community leaders’ or fellow farmers’ 70.0 63.8 Moderate

recommendations on agroforestry management
5 The government assistance for agroforestry management 61.3
6 Extension materials and farmer information effectiveness 58.7

Note: The Likert scale scores can be interpreted as follows: 20%-35.9% indicates very poor, 36%-51.9% indicates poor, 52%-67.9% indicates moderate (fair),

68%-83.9% indicates good, and 84%-100% indicates very good.

3.2. Farmers’ Preferences on Agroforestry
Private Forest Management

The types of plants currently found in the study
area are presented in Table 6, which includes forestry
wood species, multipurpose tree species (MPTS), horti-
cultural, and food crops.

The selected species’ preferences for agroforestry

prototypes with dominant and farmer-controlled crite-
ria. Economic considerations include demand, price,
ease of marketing, mastery of agroforestry technology,
and environmental factors, including growth suitabil-
ity. Table 7 shows the selected species’ preferences
for agroforestry prototypes with dominant and farmer-

controlled criteria.

Table 6. Types of Existing Plants in Agroforestry Private Forests in The Study Area.

Existing Plant Types

Forestry Wood Plants MPTS Horticulture Crops
Pinus merkusii (Pinus) Persea americana (Avocado) Vigna unguiculata ssp. Manihot
Swietenia macrophylla (Mahogany) Artocarpus heterophyllus (Jackfruit) sesquipedalis  (Long esculenta
Falcataria moluccana (Sengon) Psidium guajava (Crystal guava) Beans) (Cassava)
Maeosopsis eminii (African Wood) Mpyristica fragrans (Nutmeg) Capsicum  frutescens Ipomoea
Terminalia mantaly (Ketapang Kencana)  Parkia speciosa (Petai) (Chili) batatas
Sandoricum koetjape (Kecapi) Archidendron pauciflorum (Djenkol tree)  Mesonapalustris (Potato)
Araucaria heterophylla (Norfolk spruce) Nephelium lappaceum (Rambutan) (Black Cincau)

Ficus benjamina (Ficus)

Melaleuca cajuputi (Eucalyptus)
Casuarina equisetifolia (Casuarina)
Schima wallichii (Puspa)

Syzygium aromaticum (Clove)

Table 7. Farmers’ Preferences For The Types of Potential Plants Cultivated By Farmers in The Study Area.

Forestry Wood Plants MPTS

Crops

Falcataria moluccana (Sengon)
Swietenia macrophylla (Mahogany)
Maeosopsis eminii (African Wood)

Persea americana (Avocado)

Vigna unguiculata ssp. sesquipedalis (Long beans)
Manihot esculenta (Cassava)

There was also a significant difference between the
current land cover (Table 6) and the species preferred
by people (Figure 5). This suggests that the ecological
and economic potential is not fully used. Even though

high-value horticultural and spice species are available

locally, people do not use them because they do not
know how to cultivate them or cannot access the market.

Cropping patterns in the Situdaun private forest
are generally in the form of random mix patterns and

block patterns (trees along borders). However, with re-
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spect to agroforestry patterns, most farmers (63.33%)

method since it was easy to maintain and saved their

choose alley-cropping (Table 8). Farmers preferred this time.

50,0

40,0
g 30,0
& .
< m Crop types preferred by private
§ 20,0 forest farmers
a Crop types controlled by private
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Figure 5. Selected Species Preferred and Controlled By Farmers.
Table 8. Preferences for Agroforestry Planting Patterns in Private Forest, Situdaun Village.
Respondents
No. Cropping Patterns
Frequency Percentage (%)
1 Alley Cropping 19 63.33
2 Trees Along Borders 2 6.67
3 Random Mixture 9 30.00
Amount 30 100

3.3. Financial Feasibility

Farmers generally use agroforestry technology in
their forests to produce various crops for their daily needs.
The types of crops and planting patterns they prefer form
the basis for their decisions on which agroforestry proto-
types to develop. High ratings in the production and mar-
keting subsystem categories indicate that farmers have
mastered the technology and information necessary for
cultivating and marketing agroforestry products. Two con-
temporary agroforestry configurations—Existing Model [
(Pine, Long Bean, Cassava in a Trees Along Borders sys-

tem) and Existing Model Il (Ketapang Kencana, Clove, Ma-

hogany, Puspa, Rambutan, Avocado, Cassava Random Mix-
ture system) are described. Two agroforestry prototypes
were formulated according to farmers’ articulated prefer-
ences and the ecological principles of Alley Cropping. The
differences in the plant types in Prototype Agroforestry
Model I include Mahogany, Sengon, Avocado, Long Bean,
and Cassava; Prototype Il includes Mahogany, African
Wood, Avocado, Long Bean, and Cassava (Figure 6).

All the models meet the financial feasibility crite-
ria, producing positive Net Present Value (NPV), a BCR
greater than one, and an IRR greater than the Minimum
Attractive Rate of Return (MARR), confirming their eco-
nomic viability over 20 years, as shown in Table 9.
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Table 9. Financial Analysis Results for The Agroforestry Model in The Situdaun Village Private Forest Over A 20-Year Period.

Existing Model Preference Model Prototype
Financial Feasibility Criteria
I II I I
NPV (USD/ha) 7,143,619 7,750,164 45,759,436 45,475,550
BCR 1.48 2.11 1.87 1.87
IRR (%) 59.30 28.14 39.31 38.99

4. Discussion

4.1. Farmers’ Perceptions on Agroforestry
Private Forest Management

Farmers, as key members of private forest farmer
groups, play a critical role in decision-making and the
implementation of activities related to private forest uti-
lization[*4, Farmers’ perceptions of private forest man-

agement are influenced by their experiences and infor-

mation. Heterogeneity in farmers’ knowledge, skill sets,
and risk perceptions contributes to differentiated land
management practices, as each farmer applies differ-
ent strategies based on their understanding and experi-

e[*]. The strong perception of the production sub-

enc
system indicates that farmers are aware of the real ben-
efits of agroforestry, such as controlling pests, having
more than one source of income, and making the best
use of resources €],

The low grade of the processing subsystem indi-
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cates that few farmers are engaging in value-added ac-
tivities. Despite farmers having substantial access to raw
materials (64.7%), they engage less in postharvest pro-
cessing, indicating a lack of vertical integration within
agroforestry value chains. Leakey ' stressed that agro-
forestry systems work best when both upstream produc-
tion and downstream processing and market readiness
are good.

However, in the good category, marketing is still a
challenge. The marketing subsystem comprises the mar-
keting model, market structure, behavior, and price de-
termination. Most farmers are price takers with a low
bargaining position because they have uneven connec-
tions with middle traders, which are generally based on
informal credit-debt agreements. It is a classic example
of an oligopsonistic market structure, which always dis-
advantages smallholders[*’]. Farmers need more bar-
gaining power, and institutional innovation, such as
farmer cooperatives or market information platformes, is
needed immediately.

The perceptions of the institutional subsystem in-
dicated weaknesses. Institutionally, farmers have access
to inputs and some training; however, their lack of effort
hinders their ability to make decisions and develop as a
unified organization. The decreasing efficacy of govern-
ment extension services exacerbates this issue.

4.2. Farmers’ Preferences on Agroforestry
Private Forest Management

Determining plant species composition and man-
agement practices is crucial for the success of an agro-
forestry system[37-48], Farmers exhibited a pronounced
preference for species driven by economic incentives.
Falcataria moluccana (Sengon), Swietenia macrophylla
(Mahogany), and Maesopsis eminii (African Wood) are
the most popular types of wood. Persea americana (Av-
ocado) and Vigna unguiculata ssp. sesquipedalis (Long
Bean) were the most popular MPTS and annual crop
types, respectively. These preferences demonstrate a ra-
tional calculus, balancing economic returns and ecolog-
ical stability within the agroforestry system[*’l, Farm-
ers participate in developing agroforestry prototype
models by expressing their preferences for crop type,
species, and cropping patterns. Farmers choose a re-

stricted number of plant species for development com-
pared with existing agroforestry systems. An analysis
of perceptions regarding agroforestry management sys-
tems reveals that farmers tend to concentrate on increas-
ing income, transitioning from subsistence agroforestry
to semi-commercial agroforestry. In semi-commercial
agroforestry, the increase of production scale focuses on
various tree species, multipurpose tree species (MPTS),

(50,511 Farmers

and crops expected to provide benefits
possess knowledge in species combinations within agro-
forestry that enhance economic and environmental sus-
tainability, strengthened by proficiency in cultivating
methods and market accessibility. Figure 5 illustrates
all considerations related to species preferences.

Farmer participation in the development of the
agroforestry prototype model subsequently involves the
selection of the agroforestry pattern. In the Situdaun pri-
vate forest, cropping patterns predominantly consist of
random mixed patterns and block patterns (trees along
borders). However, in the development of agroforestry
models, farmers selected alley-cropping patterns (Table
8). Farmers preferred this method since it was easy to
maintain and saved them time. Alley cropping is in line
with what the literature says about its role in protecting
soil, increasing revenue, and making it more resilient [>2],
To fully comprehend this pattern, farmers must be in-
formed about appropriate species proportions, main-
tenance, control, pruning, and rotation in agroforestry
management, emphasizing the necessity for enhanced
extension services.

4.3. Financial Feasibility and Strategic Per-
spectives of the Agroforestry Frame-
works

The assessment of the financial feasibility of agro-
forestry in Situdaun village revealed considerable dis-
parities between the existing and prototype models in
terms of economic viability and structural efficiency
(Figure 5). Alley cropping patterns in the Prototype
Model are not arbitrary but are based on empirical and
normative frameworks. These models combine what
farmers know, how to optimize space, and how to fol-
low the rules. For example, Indonesia’s Ministry of En-

vironment and Forestry Regulation No. 8/202153 rec-
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ommended agroforestry systems that meet community
needs and are suitable for land through structured ar-
rangements such as alley cropping or block systems.
This planting design has consistently exhibited superior
performance in terms of resource utilization efficiency,
erosion mitigation, and intercrop productivity [>% >4,
From an investment perspective, agroforestry de-
velopment necessitates substantial initial capital for in-
(551, This fi-

nancial evaluation revealed that the economic perfor-

frastructure, operational inputs, and labor

mance of preference-based models is greater than that of
traditional farmer-based systems. All the models meet
the financial feasibility criteria. However, the magni-
tude of the difference between the models is striking.
Agroforestry Prototype Models I and II produced a rel-
atively high NPV, reaching USD 45 million per ha. Fi-
nancially, the prototype model was six times better than
the model currently practiced. This result indicates a
systemic underutilization of land productivity potential
in traditional models, despite long-standing adoption
by farmers. An intriguing observation from this analy-
sis is the relatively minor NPV disparity across prefer-
ence models I and II, since the species composition dif-
ference is insignificant. The near equivalence of mone-
tary value suggests that species-specific selection may
be flexible and that profitability can be maintained if cer-
tain principles are adhered to: multistrata cropping, spa-
tial-temporal complementarity, and market responsive-

[49,56]  The BCR analysis further substantiates the

ness
economic advantage of the offered models and indicates
that the preference model demonstrates remarkable al-
locative efficiency *?!. High BCR values are critical in ru-
ral economies, which are characterized by restricted in-
vestment resources and minimal risk tolerance[®’). The
IRR validated the model’s feasibility under different time
value assumptions; however, NPV is widely considered
a more reliable metric in long-term natural resource in-
vestments than IRR [58-60], Furthermore, IRR might occa-
sionally exaggerate the profitability of projects with ini-
tial cash inflows but restricted long-term gains, resulting
in a short-term focus in planning when evaluated inde-
pendently (1],

This striking economic gap cannot be ascribed to
crop selection; it signifies a more profound issue within

contemporary agroforestry dissemination: institutional

path dependency and information asymmetry. Although
farmers tend to follow traditional methods, the eco-
nomic justification for varied, preference-oriented mod-

els is considerably more robust[2 2],

The advantages
of preference models encompass enhanced profitabil-
ity and income stability, market alignment, and ecologi-
cal diversity, which reduce income volatility, a consider-

(63,64 Includ-

able concern for smallholder livelihoods
ing longer-cycle timber species like mahogany in the
preference models resulted in significant profitability
by integrating quickly yielding intercrops, thereby sub-
stantiating the “income stacking” strategy promoted in
the integrated agroforestry literature [%> %61, One reason
farmers do not adopt the prototype model is the con-
sideration of annual subsistence needs. Investment in
the agroforestry prototype is necessary until the sixth
year. Furthermore, the existing model addresses subsis-
tence needs earlier, as shown in Figure 7. The prototype
implementation of the preference model enhanced the
well-being of farmers, environmental conditions, and
habitat quality, while contributing to increased carbon
sequestration with higher stand density. However, its
implementation requires external assistance to address
challenges.

This discovery can influence farmer empowerment
and policy adaptation, allowing local preferences and
agroecological conditions to shape model adjustments
while preserving economic outcomes. These findings
also indicate that the prevailing belief that conventional
agroforestry models are inherently more practical or
economical is flawed. However, they demonstrate that
integrating agroforestry design with farmer preferences
and market orientation produces substantial economic
advantages. Combining timber and horticulture crop va-
rieties ensures short- and long-term revenue, increasing
the resilience of agroforestry to weather and price fluc-
tuations > 471, These financial data suggest that agro-
forestry necessitates reconfiguration, focusing on spa-
tial configurations that have been scientifically validated
and species that producers prefer. Including ecological
integrity, farmer objectives, and economic viability in
the preference models enhances their quality as exam-
ples and necessitates a shift from the current policy of
general agroforestry promotion to evidence-based, site-

specific model prescriptions.
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Figure 7. Net Present Value of The Agroforestry Model for Each Additional Length of Time.

The prototype model’s financial feasibility is pri-
marily driven by approximately 90% of the value of
fruits and crops, with the remaining contribution de-
rived from timber. The financial feasibility can be
enhanced and fortified when strategically aligned to
achieve multiple purposes. For the agroforestry sys-
tems of Situdaun Village, species such as Sengon, Ma-
hogany, and African Wood exhibit considerable promise
for bioenergy applications, including fuel for domestic or
commercial purposes and conversion into value-added
products such as wood pellets. Sengon and mahogany
have considerable calorific value, making them viable
bioenergy sources. The firewood potential in the pri-
vate forests of Wonosobo Regency is estimated to be
approximately 17 million liters of kerosene!®3l. In ad-
dition, the prototype’s carbon sequestration service ex-
hibits a stand density of 215 stems/ha, enhancing its fi-
nancial feasibility. The carbon sequestration potential
of traditional agroforestry ranges from 51.02 Mg C/ha
to 96.25 Mg C/hal®”], generating revenue between USD
812.3 and USD 25,878.5 per hal®®l. In Greece, the use of
wood biomass from sessile oak, white poplar, and chest-
nut trees as a substitute for conventional fuels (elec-
tricity and diesel) provides environmental sustainabil-
ity, with annual greenhouse gas emissions reduced by 6-
26%, and high financial viability with a relatively short

9], The transition from conventional

payback period!
energy sources to renewable energy, specifically wood

biomass, is affected by factors including proximity to re-

sources such as private forests, agroforestry, and mixed
orchards, along with the high costs related to energy
infrastructure such as gas and electricity. While wood
fuel biomass significantly reduces greenhouse gas (GHG)
emissions compared to conventional heating sources, its
adoption requires political initiatives, subsidies, com-
pensation for GHG reductions, and public awareness,
which are crucial for promoting biofuels 7!,

Developing agroforestry in private forests based
on perceptions and preferences is crucial in fostering
community involvement in decision-making to restore
degraded land and forests. The regenerative aspect of
the land maxing approach strategy involves the restora-
tion of natural capital through agro-ecosystem diversifi-
cation and sustainable agroforestry practices. Further-
more, Land Maxing emphasizes community-driven or
bottom-up strategies to establish all six essential cap-
itals of sustainable development (natural, social, hu-
man, physical, financial, and political /corporate will) [71],
Agroforestry in the private forest of Situdaun village
yields non-timber forest products (NTFPs), designated
as Agroforestry Tree Products (AFTPs), to indicate their
origin from privately owned land forests[7% 73],

The agroforestry prototype developed for the study
area combines leguminous family trees, MPTS, and food
crops in an alley cropping pattern, optimizing the use of
growing space and enhancing soil fertility through nitro-
gen fixation, which increases the nutrient cycle and el-

74,75]

evates soil organic matter content! This achieve-
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ment is evident in Brazilian Atlantic Forest agroforestry,
which has improved ecosystem services, preserved bio-
diversity, strengthened food security, reduced poverty,
and increased soil resilience against degradation, ad-
dressing agricultural yield gaps in tropical and subtropi-
cal countries 76781,

Implementing the Land Maxing concept in agro-
forestry within the private forests of Situdaun Village re-
quires further promotion and development. Currently,
farmer groups play a limited role, constrained by inade-
quate social and financial capital. To address these gaps,
itis essential for the government and relevant stakehold-
ers to offer targeted support aimed at improving farm-
ers’ knowledge and skills in the domestication and com-
mercialization of endemic species, implement effective
incentive schemes, and strengthen local institutional ca-

pacity to ensure long-term sustainability.

5. Conclusions

Farmers’ perceptions regarding agroforestry repre-
sent their ability to adopt agroforestry practices and ef-
fectively market their products. However, challenges in
processing and institutional frameworks frequently con-
strain their role, often relegating them to a position as
suppliers to downstream industries. Establishing agro-
forestry prototypes involves farmers’ decisions on tree
composition, multipurpose tree species (MPTS), crops,
and planting patterns. The combination of Mahogany,
Sengon, African Hardwood, Avocado, Long beans, and
Cassava within alley cropping patterns is a strategy that
has been employed to optimize land use in accordance
with the Land Maxing approach. The financial feasibility
of agroforestry in community forests is significant and
resilient, contributing substantially to the supply of fruit,
food, wood, bioenergy, greenhouse gas emission reduc-
tion, and carbon sequestration. The findings of the study
and subsequent recommendations are as follows: 1) The
provision of more effective forestry extension services
is necessary to enhance farmers’ institutional capacity
in management and value addition; 2) The government
should implement programs that promote livelihood ful-
filment, establish incentive schemes, and engage stake-

holders to develop agroforestry prototypes and enhance

downstream product processing; and 3) forest and land
rehabilitation programs should be executed with com-
munity involvement, taking into account their prefer-
ences for crop types and agroforestry patterns that pro-
vide economic benefits and environmental sustainabil-

ity.
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