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ABSTRACT

Highland floriculture in Bali is increasingly relevant for supporting tourism-associated ornamental flower supply,
rural livelihoods, and green economy-oriented agricultural diversification. However, commodity-specific agro-
ecological evidence for high-value ornamental crops remains limited, particularly for Anthurium andraeanum,
because explicit suitability criteria for this species are not available in the Indonesian land evaluation guideline.
This study developed and applied a modified land-unit-based actual-to-potential agroecological suitability as-
sessment for anthurium in Baturiti District, Bali, Indonesia. The assessment was conducted using 16 homo-
geneous land units covering 9,204.14 ha, derived from field surveys, laboratory soil analysis, climate records,
and spatial interpretation. The modified assessment combined the standard land-matching structure, Indonesian
agricultural land evaluation criteria, published agronomic knowledge of anthurium, and explicit improvement
rules for manageable land limitations. The evaluated land characteristics included temperature, rainfall, drain-
age, texture, effective soil depth, nutrient retention and availability, salinity, slope, erosion hazard, surface rock,
and rock outcrop. Actual suitability was dominated by S3, covering 5,734.55 ha or 62.30%, followed by N with
1,866.68 ha or 20.28%, and S2 with 1,602.91 ha or 17.42%. After feasible improvement measures were consid-
ered, potential S2 increased to 8,847.75 ha or 96.13%, while 356.39 ha or 3.87% remained S3 due to persistent
texture limitation. The main limiting factors were slope, drainage, soil depth, rainfall, temperature, and texture.
The results were translated into priority development, conservation-controlled, drainage-improvement, and re-
stricted management zones, providing a reproducible land-unit-based basis for targeted anthurium development
in Bali’s highland floriculture landscape.

Keywords: Anthurium andraeanum, actual-to-potential suitability, land-unit-based assessment, limiting factors,
highland floriculture, Bali.

INTRODUCTION

Floriculture has become an increasingly im-
portant component of agricultural transformation
in many tropical and subtropical regions. Unlike
conventional food crops, ornamental flowers are
closely linked to aesthetic consumption, cultural
practices, tourism services, urban landscapes, and
high-value agricultural diversification. Recent
studies show that floriculture can support rural in-
come, strengthen agricultural diversification, and
create new market-oriented opportunities when
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it is developed under suitable agroecological and
infrastructural conditions (Islam et al., 2026). In
several Asian regions, the expansion of flower
cultivation has also been associated with a shift
from traditional crop production toward high-
value horticultural systems, particularly where
market demand, climate suitability, and farmer
adaptation capacity are strong (Kandegama et al.,
2022; Lakhiar et al., 2025; Monder et al., 2024;
Yeshiwas et al., 2026).

In Bali, the development of floriculture has a
specific strategic relevance because the island’s
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tourism economy creates continuous demand for
ornamental flowers. Hotels, villas, restaurants,
ceremonial activities, landscape decoration, and
hospitality services require stable supplies of
fresh flowers throughout the year (Darma et al.,
2021; Peterson and McCarthy, 2003). This con-
dition places highland agricultural areas in an
important position, not only as production zones,
but also as ecological and economic support sys-
tems for the tourism sector. Baturiti District, lo-
cated in the highland area of Tabanan Regency, is
one of Bali’s horticultural landscapes with strong
potential for floriculture development. However,
the expansion of flower commodities in highland
landscapes cannot be based solely on market
preference. It must also consider land capability,
soil properties, climate conditions, slope stability,
drainage, erosion risk, and the specific growing
requirements of each commodity.

Among omamental crops, anthurium (4n-
thurium andraeanum) is a particularly attractive
commodity because of its high commercial value,
distinctive spathe morphology, and strong market
appeal as both a cut flower and potted ornamental
plant. Anthurium is widely recognized as an impor-
tant ornamental crop in the global flower market.
Its ornamental value is mainly determined by the
spathe and spadix, while commercial quality is in-
fluenced by flower development, vase life, water
relations, pigment characteristics, and postharvest
performance (Evelyn et al., 2020; Wan et al., 2024).
Previous studies have emphasized that 4. andraea-
num has high commercial importance in the world
flower trade, but its production is often constrained
by biological and physiological factors, including
long vegetative growth and flower bud develop-
ment problems (Liu et al., 2024; Wan et al., 2024).

Most scientific studies on anthurium have fo-
cused on plant physiology, flower development,
spathe color, genetic regulation, postharvest qual-
ity, and vase life. For example, recent research
has examined the role of auxin and carbohydrate
signals in flower bud development (Wan et al.,
2024), the genetic and pigment-related mecha-
nisms controlling spathe color (Li et al., 2023),
and the influence of light conditions on vase life
and water status in cut anthurium flowers (Ev-
elyn et al., 2020). These studies are important
for improving production quality and postharvest
performance, but they do not directly address
where anthurium should be cultivated from a
land resource perspective. This creates an impor-
tant research gap because successful floriculture

development requires not only superior planting
material and postharvest handling, but also a spa-
tially explicit understanding of land suitability.
At the same time, recent geospatial studies
on floriculture have generally focused on crop
identification, remote sensing classification, land
use transformation, and socio-economic changes.
Studies using Sentinel, PlanetScope, PRISMA,
machine learning, and land use models have
shown that floriculture mapping is useful for ag-
ricultural planning, resource allocation, and sus-
tainable management (Kar et al., 2026; Patra et
al., 2026). Other studies have demonstrated that
floriculture expansion can change agricultural
land use systems and improve farmer income, but
may also require environmental safeguards re-
lated to water management, soil health, chemical
input, and ecological balance (Islam et al., 2026).
Despite these advances, there is still limited re-
search that specifically evaluates the agroecologi-
cal land suitability of Anthurium andraeanum, es-
pecially in tropical highland landscapes that func-
tion as flower-supply zones for tourism regions.
This gap is particularly important in Indonesia,
where national land evaluation guidelines do not
provide a specific crop requirement table for an-
thurium. As a result, the assessment of anthurium
suitability requires a modified and scientifically
transparent approach that combines the standard
land evaluation matching framework, available
horticultural knowledge of anthurium, field-based
land characteristics, and expert-based adjustment
of crop requirements. Such an approach is neces-
sary to avoid inappropriate land allocation, reduce
production risk, prevent land degradation, and
support more sustainable floriculture planning.
Land suitability evaluation provides a system-
atic basis for matching crop requirements with
land characteristics (Baghkhanipour et al., 2026;
Mistri et al., 2026; Paul et al., 2026). In practi-
cal agricultural planning, this approach allows
researchers and land managers to identify actual
suitability, limiting factors, potential suitability
after improvement, and site-specific land man-
agement options. For highland floriculture, this
is especially relevant because slope, erosion haz-
ard, drainage, soil depth, nutrient availability, soil
reaction, and climate conditions may vary sub-
stantially within a relatively small area. A previ-
ous floriculture suitability assessment in Baturiti
showed that the area consists of diverse land uses,
including dryland farming, paddy fields, mixed
gardens, and secondary dryland forest, with actual
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suitability classes generally constrained by rain-
fall, slope, erosion hazard, drainage, soil depth, ni-
trogen, organic carbon, texture, surface rock, and
rock outcrop (Diara et al., 2022; Ni Made Triguna-
sih, 2022; Prabhaswara et al., 2025; Sardiana and
Kusmiyarti, 2021; Sari et al., 2022).

Therefore, a focused assessment for anthur-
fum is needed to move beyond general land suit-
ability studies toward commodity-specific flori-
culture planning. The scientific gap addressed by
this study is the absence of a transparent, land-
unit-based, and commodity-adapted agroecologi-
cal suitability assessment for Anthurium andrae-
anum in Bali’s highland floriculture landscape.
The main hypothesis is that homogeneous land
units can reveal spatial differences in anthurium
suitability and distinguish between manageable
limiting factors, such as drainage, nutrient status,
and conservation-related slope constraints, and
persistent limitations, such as rainfall, tempera-
ture, and inherent soil texture. We further expect
that actual suitability will improve under feasible
land management scenarios, but not all land units
will reach high suitability because some agrocli-
matic and soil physical constraints cannot be fully
corrected at the land-unit scale.

Based on this gap and hypothesis, this study
aimed to: (1) characterize the agroecological con-
ditions of the study area based on homogeneous
land units, (2) determine actual and potential land
suitability classes for anthurium using a modified
agroecological land-matching approach, (3) iden-
tify the dominant limiting factors affecting an-
thurium development, and (4) formulate site-spe-
cific land management directions to support more
targeted and conservation-oriented floriculture
planning in Bali’s tourism-supporting highland
agricultural landscape. The expected scientific
contribution is a reproducible commodity-spe-
cific suitability matrix and management-zoning
approach that links land characteristics, actual-
to-potential suitability transition, limiting-factor
diagnosis, and practical land management direc-
tions for anthurium development.

MATERIALS AND METHODS

Study area

The study was conducted in Baturiti District,
Tabanan Regency, Bali Province, Indonesia (Fig-
ure la). Baturiti District is located in the central
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highland zone of Bali and represents one of the
important horticultural landscapes in the province.
Geographically, the district lies approximately be-
tween 08°14'30"-08°30'07" S and 114°54'52"—
115°02'57" E. It covers about 99.17 km? and con-
sists of 12 villages: Angseri, Antapan, Apuan, Ban-
gli, Batunya, Baturiti, Candikuning, Luwus, Mek-
arsari, Perean, Perean Kangin, and Perean Tengah.

The land suitability assessment covered
9,204.14 ha of homogeneous land units. The study
area is characterized by undulating to hilly topog-
raphy, with slope classes ranging from 0-8% to
25-40%. Land use consists mainly of dryland
farming, paddy fields, mixed gardens, secondary
dryland forest, perennial plantation, settlement,
and upland cultivation. The dominant soil types
are Greyish Brown Andosols, Grey Regosols,
and Yellowish Brown Latosols, derived from the
soil type map of the Bali Provincial Geoportal at
a scale of 1:250,000 (Suyarto et al., 2023; Ustri-
yana et al., 2025.)

Rainfall and temperature data were obtained
from the Bali Climatology Station of the Indone-
sian Agency for Meteorology, Climatology and
Geophysics (BMKG) for the 20162025 period.
The highland climate, sloping terrain, and varia-
tion in soil and land-use conditions make Baturiti
relevant for evaluating Anthurium andraeanum,
particularly because the crop is sensitive to mois-
ture availability, temperature, drainage, soil aera-
tion, rooting media, and nutrient availability.

Research design

This study applied a modified land-unit-based
actual-to-potential agroecological suitability as-
sessment for Anthurium andraeanum. The evalu-
ation followed the general land evaluation frame-
work of FAO and the Indonesian agricultural land
evaluation guideline, but the crop suitability ma-
trix was modified because A. andraeanum is not
specifically listed in the national guideline (FAO,
1976; Ritung et al., 2011; Fresco et al., 1990;
Rossiter, 1996).

The analysis focused on biophysical and
agroecological land characteristics and excluded
agro-economic feasibility variables, including
market price, production cost, farmer preference,
supply-chain capacity, and institutional readi-
ness. The evaluation unit was the homogeneous
land unit (HLU), defined as a spatial unit with a
relatively uniform combination of land use, slope
class, and soil type.
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Figure 1. Study area and field documentation in Baturiti District, Bali, Indonesia: (a) research location
and soil sampling points; (b) field observation, soil sampling using a soil auger, and laboratory analysis;
(c) existing Anthurium andraeanum cultivation in the highland floriculture area

Two suitability conditions were evaluated.
Actual suitability (S.) represents suitability under
observed field, laboratory, spatial, and climatic
conditions. Potential suitability (S,) represents
suitability after feasible land improvement mea-
sures were considered. The suitability classes
used in this study were S1 = highly suitable, S2
= moderately suitable, S3 = marginally suitable,
and N = not suitable

Materials, data sources, and instruments

The study used primary and secondary data
sources, as summarized in Table 1. Primary data
were obtained from field observation, GPS-based
sampling, soil drilling, and laboratory soil anal-
ysis. Secondary data included administrative
boundaries, land use, soil type, DEM, rainfall,
temperature, erosion hazard, and flooding or in-
undation information. All spatial analyses were
performed using QGIS LTR 3.44. All spatial lay-
ers were projected to WGS 1984 UTM Zone 50S
before overlay and area calculation.

Homogeneous land unit delineation

Homogeneous land units were delineated by
overlaying land use, slope class, and soil type
maps in QGIS LTR 3.44 (Apriadi et al., 2025;
Sari et al., 2022; Trigunasih et al., 2017; Vandani
et al., 2025). Slope was derived from DEMNAS
with a spatial resolution of 8.1 m. The DEM was
processed into percentage slope and reclassified
into four slope classes: 0—8%, 8—15%, 15-25%,
and 25-40%.

The HLU delineation was conducted through
slope derivation, slope reclassification, vector
conversion where required, and polygon over-
lay between land use, soil type, and slope class.
The resulting polygons were dissolved based on
unique combinations of land use, soil type, and
slope class. This process produced 16 HLUEs,
which were used as the basis for field verifica-
tion, soil sampling, laboratory analysis, suit-
ability matching, limiting-factor diagnosis, and
area-based calculation. The resulting HLUs are
presented in Table 2
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Table 1. Materials, data sources, and instruments used in the study.

Data/material/instrument

Source/specification

Scale/resolution/period

Function

Administrative boundary

Geospatial Information Agency of

Official administrative vector

Study area delineation

Indonesia data
Land use map Geospatial Informatl_on Agency of Official land-use layer HLU dell_neatlon ar_1d land-use
Indonesia interpretation
. . . . Soil type interpretation and
Soil type map Bali Provincial Geoportal 1:250,000 HLU delineation
DEM DEMNAS, Geospatial Infc?rmatlon 81m Slope derivation
Agency of Indonesia
Rainfall data Bali Climatology Station, BMKG 2016-2025 Water availability assessment
Temperature data Bali Climatology Station, BMKG 2016-2025 Temperature suitability

assessment

Erosion hazard

Previous land-resource and

Based on (Trigunasih and

Erosion hazard classification

information erosion studies Saifulloh, 2023)
Flooding/inundation Previous land-resource studies Based on (Suyarto et al., Flooding hazard classification
information and field verification 2023b) o

GPS receiver Garmin Montana 680s

Field positioning Sampling point recording

Soil auger and sampling

tools Field equipment

Soil sampling and soil depth

0-30 cm sampling depth observation

Soil Fertility and Soil Chemistry
Laboratory, Faculty of Agriculture,
and Analytical Laboratory,
Udayana University

Laboratory soil analysis

Standard soil analytical
methods

Soil physical and chemical
characterization

GIS software QGIS LTR 3.44

Overlay, reclassification,

Vector and raster analysis . .
mapping, and area calculation

Table 2. Homogeneous land units used for anthurium land suitability evaluation

HLU Village Land Use Slope Class Soil Type Area (ha)
| Candikuning Secondary dryland forest 25-40% Greyish Brown Andosol 897.32
1l Candikuning Secondary dryland forest 25-40% Grey Regosol 661.25
I Perean Tengah Mixed garden 0-8% Yellowish Brown Latosol 971.88
\Y Antapan Mixed garden 15-25% Greyish Brown Andosol 243.31
\Y Luwus Mixed garden 15-25% Yellowish Brown Latosol 358.58
\i Antapan Mixed garden 8-15% Greyish Brown Andosol 280.58
Vil Baturiti Mixed garden 8-15% Yellowish Brown Latosol 255.31

Vil Perean Tengah Paddy field 0-8% Yellowish Brown Latosol 1,652.35
IX Antapan Paddy field 15-25% Greyish Brown Andosol 169.81
X Luwus Paddy field 15-25% Yellowish Brown Latosol 305.26
Xl Batunya Paddy field 8-15% Greyish Brown Andosol 103.12
Xl Apuan Paddy field 8-15% Yellowish Brown Latosol 337.07

Xl Bangli Dryland farming 15-25% Yellowish Brown Latosol 2,208.66
XV Antapan Dryland farming 25-40% Greyish Brown Andosol 308.11
XV Angseri Dryland farming 8-15% Yellowish Brown Latosol 95.14
XVI Candikuning Dryland farming 8-15% Grey Regosol 356.39

Field survey and soil sampling

Field surveys were conducted to verify HLU
boundaries, observe land characteristics, and col-
lect representative soil samples. Sampling fol-
lowed a purposive sampling approach, in which
each sampling point was selected to represent the
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dominant land condition within each HLU (Kar-
tini et al., 2023; Trigunasih et al., 2023; Triguna-
sih and Saifulloh, 2022). One representative soil
sampling point was established for each HLU,
resulting in 16 soil samples.

Sampling points were georeferenced us-
ing a Garmin Montana 680s GPS receiver. Soil
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samples were collected from the 0-30 cm top-
soil layer, which represents the main rooting
zone relevant for field cultivation of 4. andraea-
num. At each sampling point, soil drilling was
conducted using a soil auger to observe soil
depth and rooting conditions. The field observa-
tion and soil sampling activities are documented
in Figure 1b, while existing anthurium cultiva-
tion observed in the highland floriculture area is
shown in Figure Ic.

Field observations included drainage class,
slope gradient, coarse fragments, effective soil
depth, surface rock, rock outcrop, existing land
use, erosion indicators, and flooding or inunda-
tion evidence (Trigunasih et al., 2023). Drainage
was classified qualitatively using field indicators
such as soil wetness, mottling, water stagnation,
and land-use condition. Surface rock and rock
outcrop were visually estimated as percentage
cover within the observation area.

Laboratory soil analysis

Soil samples were air-dried, gently disag-
gregated, and passed through a 2 mm sieve be-
fore laboratory analysis. Laboratory analyses
were conducted at the Soil Fertility and Soil
Chemistry Laboratory, Faculty of Agriculture,
Udayana University, and the Analytical Labora-
tory, Udayana University. The parameters used
in the suitability assessment and their analytical
methods are presented in Table 3. The labora-
tory results were used to evaluate rooting media,
nutrient retention, nutrient availability, soil reac-
tion, and salinity. Erosion hazard and flooding or
inundation hazard were not derived from labora-
tory analysis. These variables were obtained from

previous land-resource studies by (Suyarto et al.,
2023b; Trigunasih and Saifulloh, 2023) and were
checked during field verification.

Erosion hazard and flooding or inundation
hazard were included as land suitability param-
eters because they affect land management risk
and field cultivation feasibility. In this study, both
parameters were obtained from previous land-
resource and environmental studies in the Ba-
turiti highland landscape and surrounding areas
(Suyarto et al., 2023b; Trigunasih and Saifulloh,
2023). These data were used as categorical haz-
ard classes and verified during the field survey
through observation of slope condition, vis-
ible erosion indicators, drainage condition, water
stagnation, and local land-use characteristics.

The erosion hazard class was used in the
matching matrix as one of the erosion-related lim-
iting factors, while flooding height and flooding
duration were used to evaluate flooding hazard.
Their suitability thresholds are presented together
with other land characteristics in Table 4.

Modified agroecological suitability criteria for
Anthurium andraeanum

Specific land suitability criteria for Anthurium
andraeanum are not explicitly available in the In-
donesian agricultural land evaluation guideline.
Therefore, this study developed a modified agro-
ecological suitability matrix by integrating the
FAO land evaluation framework, the Indonesian
land evaluation guideline, published agronomic
information on anthurium, and expert-informed
adjustment for tropical highland floriculture con-
ditions (FAO, 1976; Ritung et al., 2011; Fresco et
al., 1990; Rossiter, 1996).

Table 3. Soil parameters and laboratory analytical methods used in the suitability assessment

Parameter Unit Analytical method
Organic carbon % Walkley and Black method
Total nitrogen % Kjeldahl method
Soil texture Texture class Pipette method
Soil pH H,O pH unit Potentiometric method, soil:water ratio 1:2.5
Available P ppm, converted to mg 100 g™' | Bray-1 extraction for pH < 7 and Olsen extraction for pH > 7
Available K ppm, converted to mg 100 g™' | Bray-1 extraction for pH < 7 and Olsen extraction for pH > 7
Salinity dSm™ Potentiometric method, soil:water ratio 1:2.5
Cation exchange capacity cmol(+) kg™ NH,OAc 1 N pH 7 extraction
Base saturation % Calculated from exchangeable base cations relative to CEC
Total P mg 100 g™ 25% HCI extraction
Total K mg 100 g™* 25% HCI extraction
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The criteria for taro or Colocasia esculenta
in the Indonesian guideline were not directly
adopted as anthurium criteria. They were used
only as a comparative structural reference be-
cause both crops belong to Araceae and share
broad sensitivities related to moisture, aeration,
rooting media, and drainage. The final criteria
were adjusted to the growth behavior of anthur-
ium, which requires a moist but well-aerated
rooting environment, good drainage, suitable
soil reaction, low salinity, adequate nutrient
availability, and protection from severe erosion
or prolonged waterlogging.

The main modifications were applied to tem-
perature, rainfall, drainage, texture, and slope
interpretation. General soil chemical thresholds,
including CEC, base saturation, organic carbon,
nutrient availability, salinity, flooding, surface
rock, and rock outcrop, followed the structure
of the Indonesian land evaluation guideline with
adjustment to the study context. Each land char-
acteristic was classified into S1, S2, S3, or N us-
ing the numerical thresholds presented in Table
4. Peat-related criteria were not included because
the evaluated HLUs were mineral soils.

Land suitability matching analysis

Land suitability was determined using the
matching method. Each observed land character-
istic in every HLU was compared with the modi-
fied suitability criteria presented in Table 4. The
final suitability class was determined using the
limiting factor approach, in which the lowest-
rated land characteristic controls the final class of
the land unit. The final suitability class for land
unit { was calculated using Equation 1:

Si = min(Qilr QiZ' ey Qin) (1)

where: § is the final suitability class of land unit
i, 0, is the suitability class of land char-
acteristic j in land unit 7, and 7 is the total
number of evaluated land characteristics.

The limiting factors were identified using
Equation 2:

LF; ={Q; | Qij = S;} (2)

where: LF, is the set of limiting factors in land
unit 7, 0, is the suitability class of land
characteristic j, and S, is the final suitabil-
ity class of land unit 7.

Table 4. Modified agroecological suitability criteria for Anthurium andraeanum

Land characteristic Unit/class S1 S2 S3 N

Mean temperature °C 16-25 >25-30 14-16 or >30-32 <14 or >32
Annual rainfall mm year™" 1,500-2.000 o aoaor | 100120007 | <1.000 0r >3.500
Drainage Class Good to moderate Moderately slow Sogzgcztr;?ﬁéz or Vzrgorr?;gir;;\ézry
Texture Class Fine to Tr"'lr:]%derately Medium Moderately coarse Coagi(:?s;vew
Coarse fragments % <15 15-35 35-55 >55
Effective soil depth cm >75 50-75 25-50 <25

CEC cmol(+) kg™ >16 5-16 <5 -

Base saturation % 235 20-35 <20 -

Soil pH H,O pH unit 5.5-7.5 5.0-5.50r>7.5-8.0| <5.0or>8.0-8.5 >8.5
Organic carbon % >1.2 0.8-1.2 <0.8 -

Total nitrogen % 20.21 0.10-0.20 <0.10 -

P.0s mg 100 g™* 221 10-20 <10 -

KO mg 100 g™* 221 10-20 <10 -
Salinity dS m™* <2 2-3 3-4 >4
Slope % 0-8 >8-15 >15-25 >25
Erosion hazard Class Very light to light Moderate Heavy Very heavy
Flooding height cm None <25 25-50 >50
Flooding duration day None <7 7-14 >14
Surface rock % <3 3-15 15-40 >40
Rock outcrop % <2 2-10 10-25 >25
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Actual and potential land suitability

Actual suitability was determined from ob-
served field, laboratory, climatic, and spatial
data without assuming improvement. Potential
suitability was estimated by adjusting only land
characteristics that can reasonably be improved
through feasible land management. The adjust-
ment did not assume that all constraints could be
eliminated. Rainfall, temperature, inherent soil
texture, and severe terrain conditions were treated
as residual or persistent limitations. The adjusted
suitability score was calculated using Equation 3:

Score(Q;;) = min [4,Score(Q;;) +4; (3)

where: Q; ; 1s the adjusted suitability class of land
characteristic j in land unit i, Ql.jis the ac-
tual suitability class, and Aj is the class
adjustment assigned to each manageable
limitation.

The ordinal scores were S1 =4, S2=3,S3 =
2, and N = 1. The potential suitability class was
calculated using Equation 4:

Spi = min(Qi, Qiz, -, Qin) 4)

where: S, is the potential suitability class of land
unit i, Q; ;1s the adjusted suitability class af-
ter feasible improvement, and # is the total
number of evaluated land characteristics.

The improvement rules used to transform
actual into potential suitability are presented in
Table 5. This rule-based transformation was used
to avoid overestimating potential suitability. For
example, slope was not interpreted as physically
removed after improvement. Instead, slope-relat-
ed limitation was reclassified only under a con-
servation-controlled cultivation scenario.

Suitability improvement index

The magnitude of change from actual to po-
tential suitability was quantified using an ordinal
improvement index, as shown in Equation 5:

I; = Score(S,;) — Score(Sy;) 5)

Table 5. Improvement rules for transforming actual into potential suitability

Limiting factor

Modifiability

Improvement measure

Adjustment rule

Rainfall Non-modifiable No direct field-scale intervention Class retained
Temperature Non-modifiable No direct open-field intervention Class retained
. Raised beds, micro-drainage channels, Can improve by one to two
Drainage Manageable ) ) ) . .
drainage outlets, porous growing media | classes depending on severity
Texture Persistent No field-scale correptlon under direct Class retained
planting
Effective soil depth Partly manageable Raised beds, !lmlted tillage, rooting-zone | Can improve by one class where
improvement restriction is manageable

CEC and base

Organic matter addition, liming, and

manageable

saturation Manageable fertility improvement Can improve by one class
Soil pH Manageable Liming or organic amendment Can improve by one class
Organic carbon Manageable Compost, manurrz,t:::lch, and residue Can improve by one class
Total nitrogen Manageable Organic matter a_d_dm(_Jn and balanced Can improve by one to two
fertilization classes
Available P and K Manageable Balanced fertilization and nutrient Can improve by one to two
management classes
Salinity Partly manageable Leachmg _and dralna}ge improvement if | Can improve by one class when
salinity source is controllable not severe
Terrain persistent, . ’ Cannot become S1; may
: Terracing, contour planting, cover crops, . .
Slope management risk improve to conservation-

runoff control

controlled S2

Erosion hazard

Manageable

Mulching, cover crops, contour farming,
terrace maintenance

Can improve by one class

Surface rock

Partly manageable

Selective stone removal where feasible

Can improve by one class if not
severe

Rock outcrop

Mostly persistent

Avoidance or restricted cultivation

Class retained if severe

Flooding

Partly manageable

Raised beds, drainage channels, water
control

Can improve if flooding is
shallow and temporary
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where: [ is the improvement index of land unit 7,
S, is the potential suitability class, S is the
actual suitability class, and Score is the or-
dinal score assigned to each class, namely
S1=4,82=3,S3=2,and N=1.

This index indicates the magnitude of suit-
ability class improvement, but it does not repre-
sent a continuous biophysical variable.

Area-based suitability calculation

The total area of each suitability class was
calculated by summing the area of all HLUs as-
signed to the same class. The percentage of each
suitability class was calculated using Equation 6:

P, = (ZALZC) X 100 (6)

where: P, is the percentage of suitability class c,
A,, is the area of land unit i belonging to
class c, and 4, is the total evaluated area.

115°08'24"E

This calculation was applied separately to
actual and potential suitability classes. All area
calculations were performed in QGIS LTR 3.44
using projected spatial data in WGS 1984 UTM
Zone 508.

RESULTS

Agroecological characteristics of the
homogeneous land units

The study area was divided into 16 homo-
geneous land units (HLUs) that represented dif-
ferent combinations of land use, slope class, soil
type, and area. These HLUs were used as the
spatial basis for evaluating the agroecological
suitability of Anthurium andraeanum in Baturiti
District. The total evaluated area was 9,204.14
ha, consisting of secondary dryland forest, mixed
gardens, paddy fields, and dryland farming areas.
The spatial distribution of the HLUs and soil sam-
pling points is presented in Figure 2, while field
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Figure 2. Spatial distribution of homogeneous land units used for agroecological land suitability evaluation
of Anthurium andracanum in Baturiti District, Bali, Indonesia
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observation, soil sampling, and existing anthur-
ium cultivation are documented in Figure 1b and
Figure 1c. These materials were used to support
the traceability of the land-unit delineation, field
verification, and suitability interpretation.

The largest land unit was HLU 13, which cov-
ered 2,208.66 ha of dryland farming on Yellow-
ish Brown Latosol with a slope class of 15-25%.
The second largest unit was HLU 08, covering
1,652.35 ha of paddy field on Yellowish Brown
Latosol with a slope class of 0—8%. In contrast,
HLU 15 and HLU 11 were the smallest units, with
areas of 95.14 ha and 103.12 ha, respectively.

The land units showed clear variation in slope
conditions, ranging from 0-8% to 25-40%. Sev-
eral units, particularly HLU 01, HLU 02, and HLU
14, were located on slopes of 25-40%, indicat-
ing stronger topographic constraints for intensive
cultivation. These slope conditions are important
because anthurium development requires careful
land preparation, stable rooting conditions, and
protection from erosion. Meanwhile, several pad-
dy-field units, including HLU 08, HLU 09, HLU
10, HLU 11, and HLU 12, were more closely as-
sociated with drainage constraints. This variation
confirms that anthurium development in Baturiti
cannot be generalized across the entire district
and should be interpreted at the land-unit level.
Thus, the HLU approach provides a more detailed
spatial basis than administrative-level interpreta-
tion because each unit reflects a specific combina-
tion of land use, soil type, slope class, and field-
observed land characteristics.

Actual and potential land suitability for
Anthurium andraeanum

The actual land suitability assessment showed
that no land unit was classified as S1 for anthur-
ium under existing conditions. The actual suit-
ability classes consisted of S2, S3, and N. The
dominant actual class was S3, covering 5,734.55
ha or 62.30% of the evaluated area. The N class

covered 1,866.68 ha or 20.28%, while S2 occu-
pied 1,602.91 ha or 17.42% (Table 6; Figure 3a).

After feasible improvement measures were
considered, the suitability pattern changed sub-
stantially. The potential suitability was dominated
by S2, which increased to 8,847.75 ha or 96.13%
of the evaluated area. The remaining 356.39 ha or
3.87% remained in S3, represented by HLU 16.
This unit did not improve to S2 because soil tex-
ture remained a persistent limitation. No land was
classified as S1 under either actual or potential
conditions, indicating that the study area is bet-
ter interpreted as a moderately suitable highland
floriculture zone, not as an optimum or limitation-
free production area (Table 6; Figure 3b). There-
fore, the large increase in potential S2 should be
interpreted as a scenario-based suitability im-
provement under feasible land management, not
as evidence that all areas can be developed with-
out technical and conservation requirements.

The class-transition analysis showed that
1,866.68 ha of land classified as N under actual
conditions shifted to S2 under potential condi-
tions. In addition, 5,378.16 ha of actual S3 land
shifted to S2 after improvement. The area that
remained in S3 was 356.39 ha, while all land
already classified as S2 under actual conditions
remained in S2 after improvement (Table 7; Fig-
ure 4). This transition indicates that most actual
constraints were potentially manageable, but not
all inherent land limitations could be corrected
through ordinary land management. Using the
ordinal suitability improvement index, 20.28%
of the evaluated area improved by two class lev-
els from N to S2, 58.43% improved by one class
level from S3 to S2, and 21.29% showed no class
improvement. The area-weighted mean improve-
ment index was 0.99 class units, indicating a
moderate overall response to feasible improve-
ment measures. However, this value is an ordinal
indicator and should not be interpreted as a con-
tinuous biophysical measurement.

Table 6. Area distribution of actual and potential land suitability classes for Anthurium andraeanum

Suitability class Actual area (ha) Actual area (%) Potential area (ha) Potential area (%)
S1 0.00 0.00 0.00 0.00
S2 1,602.91 17.42 8,847.75 96.13
S3 5,734.55 62.30 356.39 3.87
N 1,866.68 20.28 0.00 0.00
Total 9,204.14 100.00 9,204.14 100.00
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Figure 3. Spatial distribution of actual and potential land suitability classes for Anthurium andraeanum
in Baturiti District: (a) actual suitability and (b) potential suitability after feasible land improvement measures

Table 7. Transition from actual to potential suitability classes for Anthurium andraeanum

Actual class Potential class Area (ha) Area (%) Improvement index
N S2 1,866.68 20.28 +2
S2 S2 1,602.91 17.42 0
S3 S2 5,378.16 58.43 +1
S3 S3 356.39 3.87 0
Total 9,204.14 100.00

Dominant limiting factors affecting
Anthurium suitability

The suitability-rating heatmap showed that
the dominant actual limiting factors varied among
land units. The main actual limitations were slope,
drainage, rainfall, temperature, soil depth, texture,
and total nitrogen. Among these, slope and drain-
age were the most visible constraints across the
evaluated land units Figure 5). To avoid interpret-
ing the heatmap only visually, the limiting fac-
tors were also quantified based on the number and
area of HLUs rated below S1 for each parameter.
Under actual conditions, slope affected 11 HLUs
covering 5,783.33 ha or 62.83% of the evaluated
area, while rainfall occurred as an S2 residual
limitation in 12 HLUs covering 5,864.94 ha or
63.72%. Drainage limitation affected five HLUs
covering 2,567.61 ha or 27.90%, soil depth limi-
tation affected four HLUs covering 1,602.91 ha
or 17.42%, temperature limitation affected three
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HLUs covering 2,982.81 ha or 32.41%, texture
limitation affected two HLUs covering 664.50 ha
or 7.22%, and total nitrogen limitation occurred
in one HLU covering 169.81 ha or 1.84%.

Slope was the most severe limitation in sev-
eral units. HLU 01, HLU 02, and HLU 14 were
classified as N under actual conditions due to
slope limitation. Other land units, including HLU
04, HLU 05, HLU 09, HLU 10, and HLU 13,
were classified as S3 partly due to slope-related
constraints. These units require soil and water
conservation measures if they are considered for
anthurium cultivation.

Drainage limitation was mainly observed in
paddy-field units. HLU 08, HLU 09, HLU 10,
HLU 11, and HLU 12 showed actual drainage
limitation. This result indicates that paddy-field
units cannot be directly assumed suitable for an-
thurium without water-control improvement. An-
thurium requires a rooting environment that re-
mains moist but sufficiently aerated, so excessive
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Figure 4. Transition from actual to potential land suitability classes for Anthurium andraeanum.
Flow width represents land area in hectares

wetness or poor drainage may reduce the suitabil-
ity of these land units.

Soil depth limitation occurred in several units,
particularly HLU 03, HLU 06, HLU 07, and HLU
15, but these constraints were not severe enough
to reduce the final class below S2. Total nitro-
gen appeared as a limiting factor only in HLU
09, suggesting that nutrient limitation was more
localized than slope or drainage constraints. Tex-
ture limitation was most clearly observed in HLU
16, where it remained at S3 under both actual and
potential conditions.

Under potential conditions, most manage-
able limitations improved. Drainage, soil depth,
and total nitrogen were no longer shown as se-
vere constraints after improvement. However,

Actual limiting factors

rainfall remained as an S2 residual limitation in
many units, while temperature remained as an S2
limitation in selected units. Texture remained the
main persistent constraint in HLU 16, explaining
why this land unit stayed in S3 even after poten-
tial improvement. Under potential conditions, re-
maining below-S1 limitations were dominated by
rainfall, slope, temperature, and texture. Rainfall
remained below S1 in 5,864.94 ha or 63.72% of
the area, slope remained below S1 in 1,866.68 ha
or 20.28%, temperature remained below S1 in
2,982.81 ha or 32.41%, and texture remained be-
low S1 in 664.50 ha or 7.22%. This confirms that
the potential suitability map still contains residual
constraints and should not be interpreted as an un-
limited development map.

S1

rS2

rs3

Potential limiting factors

Figure 5. Suitability-rating heatmap of actual and potential limiting factors for Anthurium andraeanum
across homogeneous land units. The color scale represents suitability ratings from N to S1
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Site-specific land management directions

The suitability results were translated into four
site-specific management zones: priority develop-
ment, conservation-controlled development, drain-
age improvement, and restricted or cautious devel-
opment. These zones were developed based on ac-
tual class, potential class, dominant limiting factors,
and the expected response to feasible improvement
measures (Table 8; Figure 6). To reduce subjectiv-
ity, each zone was assigned using rule-based cri-
teria derived from the suitability transition matrix,
dominant limiting factors, and the modifiability of
each constraint. Priority development was assigned
to HLUs already classified as S2 under actual con-
ditions. Conservation-controlled development was
assigned to HLUs where slope was the main limita-
tion but potential suitability reached S2 only under
conservation measures. Drainage improvement was
assigned to paddy-field HLUs where drainage was
the dominant manageable limitation. Restricted or
cautious development was assigned to HLU 16 be-
cause it remained S3 after improvement due to per-
sistent texture limitation.

The largest zone was the conservation-con-
trolled development zone, covering 4,677.23 ha or
50.82% of the evaluated area. This zone consisted
of HLU 01, HLU 02, HLU 04, HLU 05, HLU 13,
and HLU 14. The main limitation in this zone was
slope. Therefore, anthurium cultivation in these
land units should only be considered under strict
soil and water conservation practices. This zone
should not be interpreted as a recommendation for
unrestricted land conversion, particularly where
the existing land use is secondary dryland forest.

The drainage improvement zone covered
2,567.61 ha or 27.90% of the study area. This zone
included HLU 08, HLU 09, HLU 10, HLU 11,
and HLU 12, which were mainly associated with

paddy-field conditions. These land units require
raised beds, micro-drainage channels, porous
planting media, and careful irrigation manage-
ment before being used for anthurium cultivation.

The priority development zone covered
1,602.91 ha or 17.42%, consisting of HLU 03,
HLU 06, HLU 07, and HLU 15. These land units
were classified as S2 under actual conditions and
remained S2 under potential conditions. There-
fore, they represent the most appropriate initial
target areas for anthurium development, provided
that moderate improvement measures are applied.

The restricted or cautious development zone
covered 356.39 ha or 3.87%, represented by HLU
16. This unit remained in S3 because of persistent
soil texture limitation. Direct field cultivation is
therefore less recommended in this unit. If an-
thurium is still developed in this zone, controlled
systems such as pot culture, shade house cultiva-
tion, greenhouse production, or modified growing
media would be more appropriate than direct soil-
based cultivation.

DISCUSSION

Land-unit-based suitability as a more precise
basis for anthurium development

The results demonstrate that the suitability of Ba-
turiti District for Anthurium andraeanum is spatially
heterogeneous and strongly controlled by land-unit
characteristics. Under actual conditions, the evalu-
ated area was dominated by S3, while a smaller but
important proportion was classified as N. After fea-
sible improvement measures were considered, most
of the area shifted to potential S2, although no land
unit reached S1. This pattern indicates that Baturiti
has moderate agroecological potential for anthurium
development, but not under uniform or unrestricted

Table 8. Site-specific management zones for Anthurium andraeanum development based on suitability response

and limiting factors

Management zone HLU Area (ha) | Area (%) De\g-:;:gﬁgent Main interpretation

Priority development 3,6,7,15| 1,602.91 | 17.42 High Suitable for initial anthurium development
with moderate land improvement
Conservation-controlled 1,2,4,5, Medium, Development requires strict soil and water
4,677.23 50.82 " . .

development 13,14 conditional conservation due to slope constraints

. . 8,9, 10, Medium, Development requires drainage improvement
Drainage improvement 11,12 2,567.61 21.90 conditional and raised-bed cultivation
Restricted or cautious Low to Direct field cultivation is less recommended

16 356.39 3.87 o ) A

development conditional due to persistent texture limitation
Total 9,204.14 | 100.00
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Figure 6. Site-specific land management priority zones for sustainable Anthurium andraeanum development
in Baturiti District

land-use expansion. The absence of S1 under both
actual and potential conditions is an important result
because it shows that the study area should be in-
terpreted as a managed suitability landscape rather
than an optimum production zone.

This finding is consistent with the basic con-
cept of land suitability evaluation, where land
capability for a specific commodity depends on
the interaction between crop requirements and
site-specific land characteristics rather than ad-
ministrative boundaries alone (Trigunasih and
Wiguna, 2020). Similar land evaluation studies
in Bali have also shown that slope, erosion risk,
drainage, soil fertility, and soil physical proper-
ties often become decisive constraints for agri-
cultural land-use planning (Kartini et al., 2023;
Susila et al., 2024; Suyarto et al., 2023a; Ustri-
yana et al., n.d.; Adnyana et al., 2025). Howev-
er, the present study differs from previous land
suitability studies because it focuses specifical-
ly on anthurium, a high-value ornamental crop,

rather than food crops, estate crops, or general
floriculture commodities. This crop-specific fo-
cus is important because the same land limita-
tion may have different practical meanings de-
pending on the commodity being evaluated.
The land-unit-based approach is particularly
important for anthurium because its production
is closely associated with both plant growth
performance and ornamental quality. Previous
studies have emphasized that Anthurium an-
draeanum is an important ornamental species in
the global cut flower and potted plant market,
with commercial value strongly linked to spathe
quality, flower longevity, color, and posthar-
vest performance (Li et al., 2023; Zhang et al.,
2023). Therefore, land suitability for anthurium
should not only be interpreted as the ability of
land to support plant survival, but also as the
ability to provide stable growing conditions
required for consistent ornamental production.
This interpretation strengthens the novelty of
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the study because the modified matching frame-
work links land-unit characteristics, actual-to-
potential suitability response, limiting-factor
diagnosis, and management zoning specifically
for anthurium development.

Slope as a major physical constraint and
its implication for conservation-based
floriculture

Slope was one of the most important actual
limiting factors in this study. The land units clas-
sified as N under actual conditions were mainly
associated with steep slopes, especially those in
the 25-40% slope class. This result is consistent
with previous studies in Bali showing that slop-
ing agricultural land is highly sensitive to soil
degradation, erosion, and conservation-related
constraints (Adnyana et al., 2024; Soniari et al.,
2024; Trigunasih and Saifulloh, 2023). In high-
land agricultural landscapes, slope affects not
only the ease of cultivation but also runoft gen-
eration, soil loss potential, accessibility, and the
long-term stability of the rooting environment.

The shift of several slope-limited land units
from actual N or S3 to potential S2 suggests that
some topographic constraints can be reduced
through appropriate conservation measures.
However, this improvement should be interpreted
carefully. Terracing, contour planting, mulching,
cover crops, vegetative barriers, and runoff con-
trol can reduce erosion hazard and improve land
management, but they do not eliminate slope as
an inherent landscape condition (Trigunasih et
al., 2026). Therefore, land units categorized as
conservation-controlled development should not
be treated as freely available expansion areas for
anthurium. This is why the potential S2 class in
slope-limited HLUs was interpreted as condition-
al suitability, not as unrestricted suitability.

This interpretation is important because flo-
riculture development in highland Bali is often
linked to market opportunity, tourism demand,
and farmer income. However, if development is
directed to steep land without conservation mea-
sures, floriculture expansion may increase soil
erosion and land degradation. The present study
therefore supports a conservation-based floricul-
ture strategy, where anthurium cultivation is pos-
sible only when soil and water conservation prac-
tices are integrated into land management. This
position is more realistic than simply classifying
steep land as suitable after improvement.
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Drainage limitation and the need for
controlled rooting conditions

Drainage limitation was mainly observed in
paddy-field land units. This result has an impor-
tant implication for anthurium cultivation because
paddy fields may provide adequate water avail-
ability, but they do not automatically provide suit-
able rooting conditions for ornamental crops that
require well-aerated media. Anthurium requires
sufficient moisture, but excessive water satura-
tion can reduce root aeration and may increase
the risk of root-related stress. Previous studies on
anthurium have shown that flower longevity and
quality are closely related to plant water relations
and physiological stability (Khan, 2024; Sadiq
et al., 2025; Shaw et al., 2025). Although these
studies focused mainly on postharvest and physi-
ological aspects, they support the interpretation
that water status is a critical factor for anthurium
performance.

In this study, drainage-limited land units im-
proved to potential S2 after drainage improvement
was considered. This indicates that these areas
may be used for anthurium cultivation, but only
with appropriate water-control systems. Raised
beds, micro-drainage channels, porous planting
media, and irrigation regulation are required to
create a moist but aerated rooting environment.
Direct field cultivation without drainage modifi-
cation should be avoided, especially in land units
previously managed as paddy fields.

This finding also distinguishes anthurium
from several other agricultural commodities. For
crops that tolerate wetter soil conditions, paddy-
field conversion may be less problematic. For an-
thurium, however, the quality and stability of the
rooting environment are directly linked to plant
vigor and ornamental performance. Therefore,
drainage improvement is not a minor technical in-
tervention, but a central requirement for convert-
ing drainage-limited land into suitable anthurium
production areas. The field observation of exist-
ing anthurium cultivation in Baturiti, shown in
Figure lc, provides contextual evidence that an-
thurium can be cultivated in the highland land-
scape; however, this observation was not used as
quantitative validation of yield or flower quality.
Therefore, the suitability results should be inter-
preted as agroecological zoning rather than pro-
duction-performance prediction.
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Persistent agroclimatic and soil-texture
constraints

The potential suitability results showed that
rainfall and temperature remained as residual S2
constraints in several land units. These factors are
difficult to modify under open-field conditions
and explain why no land unit reached S1 even af-
ter improvement. This finding is consistent with
the logic of land suitability evaluation, where
agroclimatic variables often act as relatively per-
manent constraints compared with soil fertility or
drainage, which can be improved through man-
agement (AbdelRahman et al., 2025; Sidabutar et
al., 2023; Trigunasih and Wiguna, 2020).

The persistence of texture limitation in HLU
16 is another important finding. Unlike nitrogen
status, organic matter, drainage, or soil depth, soil
texture is an inherent soil property that cannot be
easily modified at the land-unit scale. The fact
that HLU 16 remained in S3 under both actual
and potential conditions indicates that this land
unit should not be prioritized for direct soil-based
anthurium cultivation. This interpretation is con-
sistent with land resource evaluation principles,
where persistent limitations should be treated dif-
ferently from manageable limitations.

However, S3 classification does not neces-
sarily mean that anthurium cultivation is impos-
sible. Rather, it indicates that conventional field
cultivation is less favorable. In texture-limited
land units, controlled cultivation systems such as
pot culture, shade-house production, greenhouse
cultivation, and modified growing media may be
more appropriate. This is particularly relevant for
anthurium because commercial production often
allows partial separation between plant growth
and native soil conditions through the use of con-
tainerized or media-based systems. Therefore,
HLU 16 should be interpreted as a conditional
production area, not as a priority land-based ex-
pansion zone. This distinction reduces the risk
of overestimating potential suitability because
inherent limitations such as texture, rainfall, and
temperature were retained in the potential assess-
ment rather than assumed to be fully correctable.

Comparison with previous land suitability
studies and the contribution of this study

Previous land suitability studies in Baturiti
and other parts of Bali have primarily focused
on food crops, conservation crops, plantation

commodities, soil fertility, soil degradation, ero-
sion risk, and conservation planning. These stud-
ies have consistently shown that slope, drainage,
erosion hazard, soil depth, nutrient status, and soil
physical properties are important determinants of
agricultural land suitability in Bali’s volcanic and
highland landscapes (Rusadi et al., 2023; Sari et
al., 2022; Sidabutar et al., 2023; Trigunasih and
Wiguna, 2020; Vandani et al., 2025). However,
specific agroecological land suitability assess-
ment for floriculture commodities, particularly
high-value ornamental crops such as Anthurium
andraeanum, remains rarely addressed. To the
authors’ knowledge, no previous study has specif-
ically evaluated actual and potential land suitabil-
ity for anthurium in Bali’s highland floriculture
landscape using a land-unit-based agroecological
matching approach.

The present findings show both similarities and
differences compared with previous land suitability
studies in Bali. The similarity lies in the recurring
role of slope, drainage, and soil-related limitations
as major determinants of agricultural suitability
in highland and sloping landscapes. In this study,
slope strongly influenced the classification of sev-
eral land units into N or S3 under actual condi-
tions, whereas drainage limitation was particularly
evident in paddy-field units. This pattern supports
previous findings that topographic and soil-water
constraints are critical factors in agricultural land-
use planning in Bali’s highland environments.

The main difference lies in the crop-specific
interpretation of these constraints. For anthur-
ium, drainage and rooting-media conditions
have a more specific meaning because the crop
requires a moist but well-aerated rooting environ-
ment. Therefore, paddy-field land units cannot
be directly interpreted as suitable for anthurium
without drainage improvement, even when water
availability is generally adequate. Similarly, slope
is not only a physical constraint for cultivation,
but also a conservation issue because highland
floriculture development may increase erosion
risk when implemented without appropriate soil
and water conservation measures. This interpre-
tation makes the assessment more specific than
general land suitability mapping because the
same land limitation may have different implica-
tions depending on the target commodity.

This study contributes by translating homo-
geneous land-unit characteristics into anthur-
ium-specific suitability classes, actual-to-poten-
tial transitions, dominant limiting factors, and
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management zones. The rule-based matching ap-
proach was used as a foundational agroecologi-
cal assessment because official suitability criteria
and calibrated field-performance datasets for An-
thurium andraeanum are not yet available in the
study area. Under these conditions, the priority is
to establish a transparent and reproducible suit-
ability matrix that can be traced from measured
land characteristics to explicit threshold values
and documented improvement rules. Therefore,
the contribution of this study is not the develop-
ment of a new modelling algorithm, but the ad-
aptation of an established land evaluation struc-
ture into an anthurium-specific actual-to-potential
framework. This framework provides an initial
scientific basis for floriculture planning by sepa-
rating manageable and persistent limiting factors
and translating them into HLU-based manage-
ment directions. Future studies may further refine
this baseline using fuzzy logic, AHP, or machine-
learning-based suitability modelling when suffi-
cient yield, growth, flower-quality, and manage-
ment-response data for anthurium become avail-
able (G.S. et al., 2025; Khan, 2024; Kilic et al.,
2022; Saha and Mondal, 2022; Sathiyamurthi et
al., 2024; Shaw et al., 2025).

Implications, uncertainty, and cautious use
of the suitability zones

The results have practical implications for
floriculture planning in Bali’s highland agricul-
tural landscape. The priority development zone
should be used as the first target for anthurium
cultivation because it already meets moderate
suitability under actual conditions. The conserva-
tion-controlled zone can support anthurium only
when soil and water conservation practices are
implemented, especially in slope-limited HLUs.
The drainage-improvement zone requires raised
beds, micro-drainage, porous media, and irriga-
tion control before cultivation. The restricted or
cautious zone should not be prioritized for direct
soil-based planting because persistent texture
limitation remained after improvement.

These management zones should be inter-
preted as agroecological guidance, not as a final
investment or land-conversion decision. The clas-
sification was based on biophysical land charac-
teristics, while market access, production cost,
farmer preference, planting material availability,
postharvest handling, and institutional support
were not included. Therefore, the results provide
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a land-resource basis for directing anthurium
development, but they should be complemented
by agro-economic and production-performance
studies before large-scale implementation.
Several sources of uncertainty should also
be considered. First, the suitability criteria were
modified because specific national criteria for An-
thurium andraeanum are not available. Second,
the potential suitability map is scenario-based be-
cause it assumes feasible improvement of manage-
able constraints, not actual implementation in the
field. Third, field observation confirmed the pres-
ence of anthurium cultivation in the study area, but
independent quantitative validation using yield,
flower quality, or farmer production records was
not available. Fourth, the HLU-based approach
captures dominant land-unit conditions, but small
within-unit variations may still occur. These un-
certainties do not invalidate the results, but they
define the appropriate scope of interpretation.
Overall, the main scientific contribution of
this study is the development and application of a
modified, transparent, and land-unit-based actual-
to-potential suitability framework for anthurium.
The framework strengthens floriculture planning
by connecting measured land characteristics, ex-
plicit suitability thresholds, limiting-factor diag-
nosis, improvement scenarios, and management
zoning. This makes the assessment more repro-
ducible and more specific to anthurium than gen-
eral land suitability mapping for food crops, plan-
tation crops, or broad horticultural commodities.

CONCLUSIONS

The hypothesis that a spatially explicit, land-
unit-based agroecological assessment can distin-
guish actual and potential suitability for Anthur-
ium andraeanum in a heterogeneous highland
landscape is supported by the results. Actual suit-
ability was dominated by S3, covering 5,734.55
ha or 62.30%, followed by N with 1,866.68 ha
or 20.28%, and S2 with 1,602.91 ha or 17.42%.
After feasible improvement scenarios were con-
sidered, potential suitability shifted strongly to-
ward S2, covering 8,847.75 ha or 96.13%, while
356.39 ha or 3.87% remained S3. No land unit
reached S1, indicating that Baturiti should be in-
terpreted as a moderately suitable and manage-
ment-dependent floriculture landscape, not as an
optimum or limitation-free production zone.
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The main new finding is that anthurium suit-
ability in Baturiti is controlled by a clear distinc-
tion between manageable and persistent limi-
tations. Slope and drainage constraints can be
reduced through conservation measures, raised
beds, micro-drainage, porous growing media, and
improved rooting-zone management. In contrast,
rainfall, temperature, and soil texture remained as
residual or inherent constraints that limit the attain-
ment of highly suitable conditions. This distinction
explains why many land units improved from ac-
tual S3 or N to potential S2, but none reached S1.

The scientific novelty of this work lies in es-
tablishing a commodity-specific actual-to-poten-
tial agroecological suitability framework for A.
andraeanum, linking measured land characteris-
tics, explicit suitability thresholds, limiting-factor
diagnosis, and land-unit-based management zon-
ing. This fills a gap in land evaluation studies that
have more commonly focused on food crops,
plantation crops, soil fertility, erosion, and gen-
eral agricultural suitability, while high-value flo-
riculture commodities in tropical highland land-
scapes remain less represented.

Because the available Indonesian land evalu-
ation guideline and previous land suitability stud-
ies do not provide explicit suitability criteria for
A. andraeanum, several threshold interpretations
in this study required literature-based and expert-
informed adjustment. Therefore, the suitability
classes should be understood as an agroecologi-
cal planning baseline rather than a direct predic-
tion of yield, flower quality, or farm profitability.
The actual-to-potential transition also depends on
assumed management responses, particularly for
drainage improvement, conservation measures,
and nutrient correction. For this reason, the re-
sults are most applicable to Baturiti District and
should not be directly transferred to other regions
without recalibration using local climate, soil,
management, and anthurium performance data.

Future research should validate the proposed
suitability zones using field performance indica-
tors, including plant growth, flower quality, pro-
ductivity, disease incidence, farmer adoption,
production cost, and market access. Further stud-
ies may also compare this rule-based baseline
with weighted, fuzzy, or data-driven suitability
models when sufficient anthurium performance
datasets become available..
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