é‘% Journal of Tropical Agriculture 64(1): 9-18, 2026 DOI No.: 10.63599/JTA.2026.1646

ISSN 0971-636X (Print), ISSN 0973-5399 (Online)

Socio-cultural endemicity in promoting horticultural crop production:
A special case from Bomberai ethnic group, West Papua

Hans Mamboai'”, Deny A. Iyai* and Sitti Halimatus Saadiyah'

'Faculty of Agriculture. University of Papua. JI. Gunung Salju, Amban. Manokwari-West Papua, Indonesia. Zip Code
98314.
’Faculty of Animal Sciences. University of Papua. JI. Gunung Salju, Amban. Manokwari-West Papua, Indonesia. Zip Code
98314.

Received on 11 October 2025; received in revised form 06 February 2026, accepted 23 February 2026

Abstract

Horticulture plays a vital role in strengthening food security and rural livelihoods, particularly in regions with rich socio-
cultural endemism such as West Papua. This study examines the horticultural production performance of the Bomberai
ethnic group, focusing on twelve key vegetables including leek, spinach, beans, chili, long beans, water spinach, cucumber,
chayote, mustard greens, watermelon, eggplant, and tomato. Descriptive statistical analysis was applied to production
data, highlighting wide variations in yield levels, consistency, and productivity. Results indicate that beans (mean 20.83
quintals, SD 13.01) and bird’s eye chili (mean 5.62 quintals, SD 5.62) demonstrate relatively stable production, while
cucumber and tomato production remain extremely low with high variability. Leafy vegetables such as spinach and mustard
greens show inconsistent outputs, suggesting challenges in cultivation management and ecological adaptability. The findings
emphasize that production disparities are strongly influenced by local farming practices, cultural values, and environmental
conditions unique to the Bomberai community. Despite considerable potential, horticultural production remains constrained
by limited access to inputs, poor infrastructure, and low market integration. This study concludes that strengthening traditional
ecological knowledge with modern agronomic practices could improve stability and productivity. Recommendations include
organising farmer training, improving seed and input supply chains, and enhancing market connectivity to support local
farmers. By leveraging socio-cultural endemism, horticultural production in West Papua could contribute more effectively
to regional food security and rural economic development. Strategic crop diversification and market development are
essential for sustainable production growth.
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Introduction why it is crucial to recognize local cultural capital in
designing sustainable agricultural development strategies.

Agricultural production in Indonesia, particularly West

Papua, is not only shaped by ecological and economic
dimensions (Malian, 2004; Sarvina and Surmaini, 2020,
Sudalmi, 2010)but also strongly influenced by socio-cultural
endemicity(Susanto et al., 2021)—the embedded and locally
specific cultural practices that regulate how communities
interact with land, crops, and natural resources. The
Bomberai ethnic group, residing in Fakfak Regency,
exemplifies this interplay, where indigenous traditions, land
tenure systems, and local wisdom govern horticultural
production. While global discourses on agriculture emphasize
technology-driven intensification(Barron, 2017; Brooks and
Place, 2019), indigenous societies rely on cultural
embeddedness as a mechanism to sustain food security,
biodiversity, and socio-economic resilience.

This article examines how socio-cultural endemicities
promote horticulture among the Bomberai ethnic group, and

West Papua is characterized by diverse ethnic groups(Barri
et al., 2019), each with unique agricultural knowledge
systems deeply rooted in customary law (adat) and local
traditions. In the Bomberai region, land is considered a
communal heritage, passed down through kinship lines and
utilized according to customary regulations(Cramb, 2013;
Dhiksawan et al., 2018; Kesaulija et al., 2014). Horticultural
crops such as banana, taro, sweet potato, cassava, and
vegetables form the core of subsistence and market-oriented
farming. Unlike industrial monocultures, Bomberai
agriculture follows a polyculture and agroforestry model,
where socio-cultural rituals regulate planting, harvesting, and
land rotation (Ayu et al., 2023; Mulyani et al., 2011; Yang et
al., 2019). Despite the richness of these systems, modern
agricultural policies often overlook them, prioritizing high-
yield crops and imported technologies. This has created
tension between traditional knowledge systems and
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mainstream agricultural programs, highlighting the need for
context-specific approaches.

Socio-cultural endemicities refer to the unique cultural
traditions, practices, and norms that are deeply tied to a
specific ethnic group or community. In Bomberai,
endemicities manifest through rituals, kinship obligations,
and symbolic values attached to crops. Agricultural decision-
making - such as crop selection, labour allocation, and land
use (Kerubo, 2016; Mwungu et al., 2017) -is embedded in
cultural frameworks rather than purely economic logic.
Horticultural production is not only a matter of food and
income but also of identity, spirituality, and cultural survival.

West Papua’s agricultural contribution to the regional GDP
is around 15-20%, with horticulture farming a key
component in rural economies.Fakfak Regency, where the
Bomberai group resides, has average annual rainfall of
2,000-3,000 mm, providing favourable conditions for
horticultural crops. In Bomberai, smallholder farms
dominate, with average plot sizes ranging from 0.25-2
hectares.Crops such as banana, taro, cassava, and sweet
potato constitute over 60% of subsistence production, while
nutmeg and coconut contribute to cash income (Culas and
Pombre, 2023; Julia and White, 2012; Mudakir, 2012).
Household dependence on horticulture for daily nutrition
exceeds 70%, highlighting its critical role in food security.

Most agricultural studies in Papua focus on commodity crops
(e.g., nutmeg, coconut, sago), with limited attention to
horticultural production (Adimihardja, 2006; Rumere, 2024).
Socio-cultural factors are often treated as background
variables rather than central drivers of agricultural
sustainability.Few studies document how endemic cultural
practices actively enhance productivity, crop diversity, or
resilience to climate and market shocks.Lack of integration
of indigenous agricultural wisdom into formal policy
frameworks creates gaps between community practices and
development agendas.

The objective of this study is to analyse the role of socio-
cultural endemicities in shaping horticulture among the
Bomberai ethnic group, to identify the indigenous practices,
rituals, and customary norms that support sustainable
horticultural production, to assess the contribution of
Bomberai horticulture to household food security and local
economies, and to highlight the policy relevance of
integrating socio-cultural endemicities into agricultural
development planning in West Papua.

Materials and Methods

Study Area

Fakfak Regency is in the southwestern part of Papua Barat.
The region is characterized by hilly to mountainous terrain,
steep coastal cliffs, and lowland valleys. Latitude and
longitude are around 2°-3° South and 131°-133° East.
Altitude varies significantly, from lowland coastal areas (0—
200 m) up to highlands over 2,000 m. Fakfak is part of a
humid tropical rainforest climate (Af, Képpen classification).
Rainfall is high and distributed throughout the year, but peaks
around March—June with monthly averages often exceeding
200-300 mm. Drier months occur in July—October, though
precipitation is still significant compared to global averages.
Light intensity is generally high year-round due to proximity
to the equator (FakFak, 2024). Cloud cover and heavy rainfall
reduce sunlight during wet months, but total annual sunshine
hours remain adequate for tropical agriculture. Kokas,
Bomberay, and Arguniare mostly coastal & lowland areas,
warm and humid, suitable for coconut, nutmeg, and sago.
Mbahamdandara, Kayauni, and Tomageare more upland and
hilly zones, cooler climate, with potential for tubers,
vegetables, and upland rice. Fakfak is known as the “Land
of Nutmeg”, one of the historical spice centres in Indonesia.

Technique and approaches

During data collection from March to May 2024, we used
focus group discussions for several meetings with local
Papuans in four districts, i.e. Kokas, Bomberay, Arguni,
Mbahamdandara, Kayauni, and Tomage. Additional data and
information were also collected from Statistical Bureau office
of Fakfak, village monographs, and farmers interviews.

The target population consisted of local smallholder farmers,
customary leaders, and women farmers involved in
horticultural production. Using a purposive sampling
technique, a total of 60 respondents were selected based on
their active involvement in crop cultivation and cultural
practices. Smallholder horticultural farmers were selected
for 60 head of households. They are farmers who cultivating
traditional crops such as taro, banana, and yam chili.
Following farmers, other selected respondents are customary
and land leaders, i.e. 10 persons. They consist of individuals
maintaining cultural norms and land use rules. Additionally,
four focus group discussions were conducted - one in each
major subdistrict (Manimeri, Weriagar, Babo, and Tembuni)
- involving 1012 participants per session, representing both
genders and generational groups (elders, youth, and farmers).
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Data Collection

Primary data were obtained from farmer interviews using
structured questionnaires, complemented with field
observations of crop yields. Secondary data were sourced
from local agricultural offices and statistical records.
Production levels were measured in quintals (Q) per season.
A purposive sampling method was used to select farmers
actively engaged in horticultural production, ensuring
representation across the main horticultural commodities
(Creswell, 2014).

Data Analyses

In producing data for analysis, we applied descriptive
statistics and inferential statistics using minimum, maximum,
quartiles, mean, variance, and standard deviation.
Multivariate exploratory techniques such as Principal
Component Analysis (PCA) (XLSTAT, 2009), and
Agglomerative Hierarchical Clustering (AHC), and Heatmap
(Snedecor & Cochran, 1989) were used to analyse the
collected data. These measures allow us to understand central
tendency, variability, and distribution of production levels.

Results and Discussion

Socio-cultural crop plants

Some crops (Table 1) show consistent production (low
variance, low standard deviation). Others show highly
variable or skewed production (large gaps between minimum
and maximum, higher variance). Beans (c) is the highest
production (mean 20.8 quintals, max = 39.0), moderate
variability (SD = 13.0).Chayote (h) is relatively high mean
(7.9) but very variable (SD = 9.8).Bird’s Eye Chili (d) &
Long Beans (e) are moderate means (5.6—7.4) with moderate
variability. Moderate Production Crops are Leek (a)
withmean = 6.75, but high variability (SD = 11.2).Spinach
(b) has mean = 3.4, lower than beans/chili, and has moderate
variability (SD = 5.3) as well as Watermelon (j): Mean =

Table 1. Descriptive statistics of crops potency

6.27 with wide range (0-18). Low Production Crops
consisted of Water Spinach (f) with mean = 1.8, relatively
small production and limited spread. Cucumber (g) has mean
= 2.7 and most farmers produce none, but a few produce a
lot (up to 16). Followed by eggplant (k) with mean = 1.63
and lastly is tomato (1) with lowest mean (0.34) with very
small production levels overall. High variability crops are
Leek (a), Chayote (h), Mustard greens (i). and the production
is inconsistent across farms (possible dependence on land,
climate, or market). Low variability crops are tomato (1),
Eggplant (k), Water Spinach (f) with production tends to be
small and stable, possibly because these are minor crops in
the system.

Beans (c) emerge as the most important crop in terms of
scale and consistency. Leek (a), Chayote (h), and Mustard
greens (i) show potential but are highly uneven - some
farmers dominate production.Tomato (), Eggplant (k),
Cucumber (g), and Water Spinach (f) are marginal crops in
this dataset, possibly grown only in niche or household
contexts. The data suggest that farmers in the study area
specialize in beans, bird’s eye chili, and long beans as major
vegetable crops, while crops like tomato, cucumber, and
eggplant are either niche or rarely cultivated. Production
variability is significant for certain crops, pointing to unequal
resource allocation, differences in land suitability, or market-
driven specialization.

Eigen values (Bar Chart, Left Y-axis) have F1 (Factor 1)
with 3.7, F2 (Factor 2) with 3.4, F3 (Factor 3) with 2.45, F4
(Factor 4) with 1.8, and F5 (Factor 5) with 0.55 (Figure 1).
According to Kaiser’s criterion (eigenvalue > 1), the first
four components (F1-F4) are significant. Cumulative
Variability (Line Plot, Right Y-axis) is for F1 with 32%, F2
18 57%, F3 is 80%, F4 is 95%, and F5 is 100%. This means
that 80% of the variability in agriculture-horticulture
production in Bomberay can already be explained by the

No of Min Max Ist Median 3rd Mean Variance Standard
observations Quartile Quartile (n-1) deviation (n-1)
1 0.000 29.000 0.725 2.200 5.700 6.750 124.479 11.157
2 0.000 13.000 0.125 0.500 5.000 3.417 28.342 5.324
3 6.300 39.000 12.238 17.000 30.500 20.825 169.266 13.010
4 1.800 16.200 2.150 3.010 6.630 5.620 31.584 5.620
5 0.000 16.100 4.625 6.000 10.750 7.433 33.187 5.761
6 0.000 7.000 0.000 0.950 1.975 1.817 7.362 2.713
7 0.000 16.000 0.000 0.000 0.000 2.667 42.667 6.532
8 0.000 25.500 1.188 4225 11.050 7.908 96.370 9.817
9 0.000 30.000 0.000 0.000 1.875 5.417 146.042 12.085
10 0.000 18.000 1.250 6.000 7.450 6.267 44,027 6.635
11 0.000 5.000 0.000 0.000 3.600 1.633 6.407 2.531
12 0.000 2.020 0.000 0.000 0.000 0.337 0.680 0.825

Note: 1. Production of Leek, 2. Production of Spinach, 3. Production of Beans, 4. Production of Bird’s Eye Chili, 5. Production of Long Beans, 6. Production of Water
Spinach, 7. Production of Cucumber, 8. Production of Chayote, 9. Production of Petsai/Mustard Greens, 10. Production of Watermelon, 11. Production of Eggplant, and

12. Production of Tomato.
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Figure 1. Scree plot of components.

first three factors, and 95% by the first four.

F1-F2 are the dominant drivers, accounting for more than
half of the variability (57%). Adding F3 increases the
explanatory power significantly (to 80%). After F4, the gain
is minimal (only +15%), while F5 contributes very little
(<5%). The production structure is mainly explained by 3—4
underlying factors, which may represent Crop diversity and
yields (main production scale), Land use intensity and
resource allocation, Market/transportation access or
productivity efficiency*, and climatic or input-related
variation*.

Blue vectors (1-12) represent horticultural crop production
variables. Orange points represent different districts/ethnic
areas (Bomberay, Tomage, Kayuani, Arguni, Kokas,
Mbahamandara). The direction and length of the vectors
show how much each crop contributes to variability (Fig.
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Figure 2. Biplot of Principal component analysis (PCA) in
clustering crop production each district. Note: 1. Production of
Leek, 2. Production of Spinach, 3. Production of Beans, 4.
Production of Bird’s Eye Chili, 5. Production of Long Beans, 6.
Production of Water Spinach, 7. Production of Cucumber, 8.
Production of Chayote, 9. Production of Petsai/Mustard Greens,

2). The proximity of orange points to blue vectors suggests
which crops dominate in each district.

District-Crop Associations

Bomberay district is located in the upper-left quadrant
(positive F2, negative F1) and closely associated with
Mustard Greens (9), Bird’s Eye Chili (4), and Watermelon
(10). It suggests thatBomberay specializes in leafy greens
and chili-watermelon production. Kayuani district is far right
on F1 (positive axis), and it is strongly linked to Spinach
(2), Cucumber (7), and Eggplant (11), indicates Kayuani is
a key production area for fruit vegetables and spinach.
District of Tomage is at the lower left quadrant (negative
F1, slightly negative F2). It is not closely tied to any specific
crop vector (generalist/low specialization), and possibly
lower intensity or diversified production. Mbahamandara
district is on upper right quadrant (positive F1, positive F2).
It is associated with Tomato (12), Long Beans (5), and Water
Spinach (6). It indicates this area supports both legumes and
solanaceous crops. While districts of Kokas and Arguni has
lower central quadrants (negative F2). It is weak associations
with most crops, suggesting either lower production or
unique crops not represented here.

Cluster 1 is more adaptable for Leafy & Herb Crops, i.e.
Leek (1), Mustard Greens (9), Bird’s Eye Chili (4),
Watermelon (10), Chayote (8) cluster together (positive F2).
It is associated with Bomberay. In Cluster 2 is for fruit
vegetables, such as spinach (2), Cucumber (7), Eggplant (11)
cluster along positive F1 and it is strongly tied to Kayuani.
Cluster 3 is for mixed crops, i.e. tomato (12), Long Beans
(5), Water Spinach (6) cluster on positive F1 and moderate
F2. It is associated with Mbahamandara district. Beans (3)
sits closer to the origin, i.e. moderate, balanced production
across districts without strong specialization. Together, F1
and F2 capture nearly 60% of total crop production variability
(Descheemacker et al., 2010; Mbewu et al., 2024; Reiss-
Woolever et al., 2021; Rist et al., 2010). F1 axis (31.07%)
mainly separates Kayuani (specialized in spinach—
cucumber—eggplant) from Bomberay (mustard—chili—
watermelon). F2 axis (28.63%) separates Bomberay (leafy/
chili crops) from Kokas/Tomage (low specialization).

Regional specialization is on Bomberay district for leafy and
spice crops. In Kayuani district is for fruit vegetables &
spinach. In Mbahamandara is for establishing tomatoes,
legumes, and water spinach. Program for Policy and
Extension Services is cropping promotion strategies that can
leverage existing specializations.Interventions could focus
on improving Bomberay’s chili-watermelon systems,
Kayuani’s vegetable clusters, and Mbahamandara’s tomato—
long bean—water spinach integration. For program of Market
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Table 2. Correlation matrix (Spearman (n))

Variables 1 2 3 4 5 6 7 8 9 10 11 12

1 1 0.206  0.714 0.371 -0.200  0.273 0.131 0.771 0.338 0.609 0.372 0.393
2 0.206 1 0.383 -0.412 0.500  0.000 0.674 0.029 -0.487 -0.090 0.870 0.405
3 0.714 0.383 1 -0.086 -0.371  -0.334 -0.131 0.257 -0.135 0.145 0.304 0.655
4 0.371 -0.412  -0.086 1 0.257  0.030 -0.393 0.257 0.845 0.899 -0.270  0.131
5 -0.200 0.500 -0.371 0.257 1 0.030 0.393 -0.200 0.068 0.319 0.439 0.131
6 0.273 0.000  -0.334  0.030 0.030 1 0.696 0.759 0.108 0.092 0.359  -0.417
7 0.131 0.674  -0.131  -0.393 0.393 0.696 1 0.393 -0.310 -0.133 0.775  -0.200
8 0.771 0.029  0.257 0.257 -0.200  0.759 0.393 1 0.169 0.348 0.439 0.131
9 0.338 -0.487  -0.135  0.845 0.068 0.108 -0.310 0.169 1 0.857 -0.480  -0.310
10 0.609 -0.090  0.145 0.899 0319  0.092 -0.133 0.348 0.857 1 -0.034  0.133
11 0.372 0.870 0304  -0.270 0.439  0.359 0.775 0.439 -0.480 -0.034 1 0.465
12 0.393 0.405  0.655 0.131 0.131  -0.417 -0.200 0.131 -0.310 0.133 0.465 1

Values in bold are different from 0 with a significance level alpha=0.05

Note: 1. Production of Leek, 2. Production of Spinach, 3. Production of Beans, 4. Production of Bird’s Eye Chili, 5. Production of Long Beans, 6. Production of Water
Spinach, 7. Production of Cucumber, 8. Production of Chayote, 9. Production of Petsai/Mustard Greens, 10. Production of Watermelon, 11. Production of Eggplant, and

12. Production of Tomato.

Planning, the PCA suggests opportunities for regional crop
branding (e.g., “Kayuani Cucumbers” or “Bomberay Chili—
Watermelon”).

The Bomberai Peninsula, particularly in Teluk Bintuni
Regency, is culturally and ecologically diverse. Each district
within this area has developed a unique crop—cultural
association, reflecting how social identity, customary rules,
and ritual practices shape horticultural production systems.
These associations are examples of socio-cultural
endemicity—where traditional practices, knowledge, and
values are locally adapted and sustained across generations.
From the district—crop associations above, three core patterns
of endemicity emerge, i.e. Ritual-Ecological Integration:
Farming is synchronized with ritual calendars (moon phases,
ancestral commemorations), promoting natural soil
regeneration and biodiversity. Kinship-Based Labor Systems:
Production and harvesting rely on clan-based cooperation
(gotong royong) and crop-sharing customs, ensuring food
security and equitable distribution. Gendered Knowledge
Systems: Women play a central role in seed preservation,
soil fertility management, and postharvest marketing,
embodying the link between fertility, food, and family
continuity.

Cultural Institutions Supporting Horticulture

Sasi and Customary Land Tenure (HakUlayat) protects land
from overuse and maintains biodiversity.Ritual Exchange
Networks strengthen social alliances between clans through
food gifts, especially taro and yam. Eco-symbolic
Communication Traditional songs (wambe, tindao) encode
planting times and ecological wisdom.

District-Level Integration in Agricultural Promotion

The socio-cultural practices above form a bottom-up
agricultural governance model in which each district acts as
a “cultural agro-ecological unit.” This aligns with the

endemic sustainability principle, where Traditional
Ecological Knowledge (TEK) operates as a local innovation
system for resilient horticultural production.

The biplot shows (Fig. 2) that horticultural production in
Fakfak Regency is not evenly distributed but instead
clustered by district and crop type. Bomberay, Kayuani, and
Mbahamandara emerge as specialized production zones,
while Tomage, Arguni, and Kokas show weaker or more
generalist production patterns.

Table 2 shows Spearman correlation coefficients (i) between
crop production values.Positive values (close to +1) mean
crops tend to increase together (complementary production
or similar growing conditions). Negative values (close to -
1) mean crops trade-off (when one increases, the other
decreases, possibly due to competition for land/labor or
different agroecological niches). Bold values (significant at
a=0.05) are statistically meaningful relationships, not just
random.Spinach (2) and Eggplant (11), i.e. 0.870 are very
strong association. Districts that produce more spinach also
produce more eggplant. Likely due to similar soil and water
needs or joint planting practices.Bird’s Eye Chili (4) and
Watermelon (10) havevalue of 0.899 and is almost perfect
correlation. Suggests these two crops thrive under very
similar environmental and cultural conditions(Abbas et al.,
2016; Boogaard et al., 2011; Mazumdar and Mazumdar,
2012). Mustard Greens (9) and Watermelon (10) have
0.857and has strong correlation, indicating overlapping
production zones. Cucumber (7) and eggplant (11) have value
0.775. These fruit vegetables are commonly grown together.
Leek (1) and Chayote (8) is 0.771 and suggests some
agroecological or cultural affinity. Water Spinach (6) and
Chayote (8) is 0.759 and has both may be linked to wetter
conditions. Beans (3) and Tomato (12) have values of 0.655
and indicates districts that produce more beans also produce
more tomatoes. Spinach (2) and Mustard Greens (9) have-



Socio-cultural endemicity in promoting horticultural crop production: A special case from Bomberai ethnic group, West Papua 14

0.487 and spinach and mustard greens do not thrive together;
likely grown under different conditions or seen as substitutes.
Mustard greens (9) and eggplant (11) have value -0.480.
When mustard dominates, eggplant is reduced. It could
indicate crop substitution in land use. Water Spinach (6) and
Tomato (12) have value -0.417. Water spinach (wetland crop)
is negatively associated with tomato (upland crop).

Clustered Crop Groups

Looking at the correlation patterns, crops can be grouped
into four groups, i.e. Cluster 1 is for leafy vegetables. Leek
(1), spinach (2), water spinach (6), mustard Greens (9).
Mostly moderate positive associations within, but some
trade-offs (spinach vs. mustard). Cluster 2: Fruit vegetables
eggplant (11), tomato (12), cucumber (7), beans (3).Strong
positive ties (esp. beans—tomato, cucumber—eggplant).
Cluster 3 is fruit and spice crops. Watermelon (10), Bird’s
Eye Chili (4), Long Beans (5). Strong chili-watermelon
correlation; long beans show mixed patterns.Cluster 4:
Perennial/Vine Crops. Chayote (8) links strongly with leek
and water spinach.

Production systems are not random.Crops cluster into
agroecological and cultural production packages (Aminda
et al., 2024; Frison et al., 2011; Hendrawan et al., 2024).
Farmers may be practicing intercropping (e.g., spinach—
eggplant, beans—tomato, chili-watermelon). Negative
correlations (e.g., spinach-mustard, water spinach—tomato)
highlight trade-offs in land allocation or distinct farming
niches. Policy & extension services can encourage synergistic
crop combinations while recognizing areas of competition.
The Spearman correlation matrix reveals four main crop
production clusters in Fakfak Regency. Positive correlations
highlight synergistic or complementary production system
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Figure 3. Heatmap crops from districts in Fakfak districts. Note:
1. Production of Leek, 2. Production of Spinach, 3. Production of
Beans, 4. Production of Bird’s Eye Chili, 5. Production of Long
Beans, 6. Production of Water Spinach, 7. Production of Cucumber,
8. Production of Chayote, 9. Production of Petsai/Mustard Greens,
10. Production of Watermelon, 11. Production of Eggplant, and
12. Production of Tomato.

s(Baderan et al., 2021; Newton et al., 2013; Zhang et al.,
2023), while negative ones indicate competitive or
substitutive relationships. This provides insights for
horticultural planning, intercropping strategies, and regional
agricultural specialization.

The rows represent districts: Arguni, Mbahamdandara,
Tomage, Kayauni, and Bomberay.The columns (1-12)
represent the different horticultural crops (A-L in earlier
list).The color gradient shows relative values, ranging from
black (< -0.78, very low/negative association) to bright
yellow (> 1, very high/positive association). The dendrograms
(tree structures) on the top and left indicate clustering
patterns—similarities among crops (horizontal) and
similarities among districts (vertical).

District-Level Patterns

District of Arguni is dominated by orange-red colours (Fig.
3), meaning relatively low to moderate production across
most crops, with no strong specialization. While in
Mbahamdandara is similar to Arguni, though slightly more
variation (mix of red-orange), indicates a diverse but
moderate production system(Lyson, 2002; Petrovic et al.,
2019; Thornton et al., 2011). District of Tomage also falls
into the moderate production range, clustered closely with
Mbahamdandara, and suggests similar agroecological or
cultural farming practices. District of Kayauni shows more
yellow patches, meaning higher relative production in certain
crops (notably in columns 10, 11, and 7). Suggests Kayauni
may be more productive in specific horticultural
commodities.

Bomberay displays strong contrast (black and yellow),
indicating very low production in some crops (black zones)
but very high in others (bright yellow). This suggests crop
specialization, possibly due to ecological constraints or
cultural preferences.

Crop-Level Patterns

Certain crops (e.g., columns 3, 10, 11) show brighter yellow
values in Kayauni and Bomberay, meaning they are highly
productive in these districts.Other crops (columns 1, 5, 9,
12) are mostly in orange-red ranges, suggesting generally
lower production across districts. The dendrogram clustering
of crops indicates that some crops are cultivated under similar
conditions or cultural practices, while others are more
specialized.

The district dendrogram groups Arguni, Mbahamdandara,
and Tomage together, suggesting they share similar
agroecological systems and socio-cultural farming practices.
Kayauni and Bomberay form a separate group, likely due to
stronger crop specialization and different production
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intensities.The crop dendrogram reveals associations, for
instance: some leafy vegetables may cluster together. Fruit
vegetables (tomato, cucumber, eggplant) may form another
cluster.Spices (bird’s eye chili, curly chili) may behave
distinctly, explaining some extremes (black/yellow). Arguni,
Mbahamdandara, and Tomage represent balanced but lower-
yield horticultural systems, possibly relying on traditional,
subsistence-oriented farming (Jafari et al., 2017; Kehinde et
al., 2021; Simon et al., 2021).Kayauni demonstrates
comparative advantage in certain horticultural crops,
suggesting potential for commercial scaling.Bomberay
shows high specialization and variability, indicating it could
become a niche producer of specific crops (Fiore et al., 2024;
Ninez, 1985; Phillips et al., 1980)but remains vulnerable to
shocks (since production is not diversified).

This heatmap reveals two major horticultural farming clusters
in Fakfak Regency, i.e. balanced, moderate-production
districts (Arguni, Mbahamdandara, Tomage) and specialized/
high-variation districts (Kayauni and Bomberay). This
suggests that policy and development strategies should not
be uniform. Some districts need support in intensifying
productivity, while others should be encouraged to specialize
and connect to markets.

Socio-culture practices

The Bomberai ethnic communities in Bintuni Regency, West
Papua, possess a deeply rooted socio-cultural system that
regulates human—nature interactions, agricultural practices,
and communal resource management. Their horticultural
production—particularly vegetables and small fruits—
reflects endemic socio-cultural values transmitted through
kinship, customary laws (adat), and spiritual relations with
the land. Several key practices of socio-cultural endemicity
that promote horticultural production are as follows:

Land Tenure and Customary Stewardship (HakUlayat)

The allocation and use of agricultural land are governed by
marga (clan) ownership systems. Decisions on planting areas,
cropping cycles, and forest clearing are made collectively
by family elders and traditional leaders (fuaadat). This
system maintains ecological balance and ensures rotational
land use, reducing soil exhaustion and promoting sustainable
horticultural yields.

Seasonal and Ritual Agricultural Calendars

Horticultural cycles—such as planting beans, chayote, or
mustard greens—are synchronized with customary
ecological calendars, guided by indicators such as bird
migration, rainfall patterns, and moon phases.

Rituals like Sasi Tane (temporary land closure for

regeneration) are performed to allow land recovery before
replanting, ensuring productivity and resilience of crops.

Gendered Division of Agricultural Roles

Women play central roles in cultivating leafy vegetables
(spinach, mustard greens, and water spinach), while men
handle land clearing and construction of garden fences. This
gender complementarity is a hallmark of Bomberai’s socio-
cultural endemicity, fostering balanced labour allocation and
intergenerational knowledge transfer in horticultural
management.

Knowledge Transmission and Local Agroecological Wisdom
Agricultural knowledge is passed orally through storytelling,
mentoring, and community work (gotong royong). Farmers
practice mixed-cropping systems (intercropping cucumbers,
tomatoes, and chili) that replicate forest diversity-
minimizing pest risks and maintaining soil fertility. Local
seed selection and exchange within kin groups preserve
genetic diversity and endemic plant varieties adapted to
coastal and lowland climates of Bintuni.

Spiritual and Symbolic Relations with the Land

Land and crops are believed to be spiritual entities entrusted
by ancestors. Before planting, farmers conduct
tanimanbukatanah ceremonies—offering betel nut, tobacco,
and sago wine—to seek ancestral blessing. This reinforces
moral responsibility toward the environment and cultivates
a deep sense of ecological stewardship in horticultural
practices.

Cooperative Exchange and Local Market Traditions
Surplus horticultural produce is traded in local markets
through reciprocal exchange rather than purely monetary
transactions. These practices sustain local food systems,
strengthen social bonds, and support smallholder economies
rooted in cultural solidarity.

Adaptation to Climate and Ecosystem Endemicity

The Bomberai farmers utilize traditional irrigation systems
(small ditches and rain-fed plots) adapted to Bintuni’s high
rainfall environment. They maintain forest-garden mosaics
that integrate horticulture with sago, coconut, and banana
production—supporting biodiversity and food security in the
region.

Socio-cultural endemicity among the Bomberai ethnic group
in Bintuni is not merely a cultural artifact but an adaptive
agricultural system blending tradition, ecology, and social
cooperation. It sustains horticultural productivity through
customary governance, ecological rituals, gendered
knowledge systems, and community-based markets. These
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practices highlight a locally grounded pathway toward
sustainable and culturally resilient horticulture in West Papua.

Conclusion

High-volume crops identified are Beans, which have the
highest average production, indicating that it is a major but
inconsistent crop. Chayote also shows relatively high
production (Mean 7.91 quintals) with large variability.Long
beans and Bird’s eye chili are in the medium production
range, averaging around 6—7 quintals.Low-volume crops are
tomatoes, eggplant, Cucumber (g), and Water spinach (f)
show low average production (< 2 quintals), though
cucumbers have extreme outliers (up to 16 quintals) that
inflate variability.High variability crops are leek (a) and
petsai/mustard greens (i), suggesting unstable or irregular
production.Such variability may reflect seasonality, soil-
climate mismatches, or inconsistent farmer practices.Stable
Crops are tomatoes (1) have the lowest variance (0.68) and
low production, meaning they are predictable but
limited.Eggplant (k) and Water spinach (f) are also relatively
stable, but with small volumes.Production priorities are crops
like beans, chayote, long beans, bird’s eye chili, and leek
contribute most to total production.Low-output crops
(Tomato, Eggplant, and Water spinach) may be minor or
niche crops in this context.

Recommendation will focus on High-Potential Crops, i.e.
invest in Beans, Chayote, Long beans, and Bird’s eye chili,
as they are both significant and market-relevant.Improve
management practices to reduce variability in Leek and
Mustard greens, which show strong potential but unstable
yields. For crops with high variance (leek, mustard greens,
and chayote), promote better farming techniques, pest
control, and irrigation. Extension services should emphasize
standardized cultivation methods to reduce fluctuation.
Encourage farmers to maintain tomato, eggplant, water
spinach, and cucumber at small, niche-market scales,
focusing on local consumption or specialty markets. Consider
intercropping these with higher-value crops to optimize land
use. Farmers should balance high-yield but unstable crops
with low-yield but stable crops, ensuring both income
security and food availability. Government programs could
promote mixed-cropping systems to spread risks.Develop
market access and value chain improvements for beans,
chayote, and long beans, since these are high contributors.
Encourage processing and storage facilities to handle surplus
and reduce post-harvest loss, especially for perishable crops
with high production peaks. Beans, chayote, long beans, and
bird’s eye chili should be the priority crops, with investments
in stability and yield improvement. Meanwhile, tomatoes,
eggplant, and water spinach can be maintained for diversity

and local consumption. Strategic crop diversification and
market development are essential for sustainable production
growth.
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