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ABSTRACT

The plantation sector has an urgency in technological renewal and development, especially in palm oil. Palm oil commodities are
included in the staples needed by the Indonesian people for various products and as one of the sectors that generate the largest foreign
exchange. Palm oil plantation management practices that have been carried out manually are less able to control plant health, especially
during the pandemic which has caused severe impacts in Indonesia. The purpose of this research is to showcase the implementation of
Smart Agriculture through the utilization of Unmanned Aerial Vehicle (UAV)/Drone technology in determining palm oil health. This
research uses spatial analysis to detect the level of palm oil health by utilizing aerial photographs and GIS software with the Visible
Atmospherically Resistant Index (VARI) method which can detect differences in the wavelength of the spectrum reflected by the plant
canopy. This research is located in Argomulyo Village, Sepaku District, Penajam Paser Utara Regency, East Kalimantan Province, with
abundant palm oil plantations. It was found that out of 2,167 samples of palm oil plants in the studied plantation, 14% were very
unhealthy, 34.61% were unhealthy, 36.54% were healthy, and 14.85% were very healthy.
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1. Introduction

Technology is a tool that helps humans in facilitating
various activities (Glover, 2022; Mirzaliev et al., 2022). The
urgency of technological renewal and development has
benefited various sectors of human work such as production,
monitoring, distribution, and consumption processes
(Hervas, 2021; Maddikunta et al, 2022). The plantation
sector is one of the main sectors that have an urgency for
technological needs (Pachayappan et al., 2020).

Palm oil plantations are the commodity that generates the
largest foreign exchange for Indonesia through non-oil and
gas export activities/commodity processing industry (Aryani
etal, 2022; Syahfitri et al,, 2022). The extent of legal palm oil
plantations in Indonesia is one of the centers of attention and
a form of government seriousness that this commodity is a
main flagship export (Kementerian Perdagangan Republik
Indonesia, 2021). In 2020, the beginning of the COVID-19
pandemic, the palm oil commodity experienced supply and
demand instability which had an impact on losses, therefore
the price of this commodity fluctuated (Nafisah & Amanta,
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2022; Oktarina et al., 2022). Factly, Palm oil is one of the
staples needed by the people of Indonesia and other countries
for the food, cosmetic, and soap industry (Ernah & Tanaem,
2021; Muda et al, 2018) As a result, production,
maintenance, and harvesting activities have experienced a
decline because palm oils are starting to be poorly cultivated
(Aryani et al., 2022; Nafisah & Amanta, 2022; Nurrizqi et al,,
2022).

The process of managing palm oil plantations is still done
manually and has been deeply affected by the pandemic.
Damage to plants that are not easily detected, asymptomatic
symptoms (Fatmayati et al., 2022), and the reduction of
plantation managers aggravate the condition and reduce
palm oil farming activities in Southeast Asia, especially
Indonesia which is the most severely affected (Khuzaimah et
al,, 2022). The lack of progress in the management process
and the minimal role of technology are among the factors in
the urgency of palm oil plantations, especially smallholders in
Indonesia (Dandi Bahtiar & Faraitody, 2022).
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Technology continues to develop radically and intensively
in organizing, overcoming, planning, and facilitating activities
on a large scale, quickly, effectively, and cheaply (Sridhar et
al,, 2022; Xu et al,, 2022). These advancements come together
in agricultural production systems and smart farming, which
is considered the connecting line between technology-based
breeding, management, and harvesting (Klerkx et al.,, 2019;
Suma, 2021). The digitalization of agriculture focuses on
obtaining data on the status, location, state, disease, energy,
irrigation conditions, and soil fertility using technological
hardware such as UAV/Drone, sensor machines, and even
satellites through continuous observation (Fountas et al,
2020; Lova Raju & Vijayaraghavan, 2020). Of course,
precision agriculture in the smart farming agenda requires
stakeholder involvement in the adoption of agricultural
technology management (Salam & Shah, 2019).

Surveillance technologies such as UAV/Drone can monitor
plantation conditions through aerial photography with a very
wide range and capture spectral light reflected by palm oil
plants (Gao et al,, 2020; Kanning et al., 2018). UAV/Drone are
a type of uncrewed aircraft that can be controlled through a
remote controll system with radio waves or with pre-
programmed objectives (Mohsan et al., 2022; Saroinsong et
al, 2018; Andaru et al.,, 2024). UAV/Drone are capable of
storing and taking pictures from a certain height to observe
and manage plantations. Certainly, the advantage of
UAV/Drone compared to satellites is that the operation is
carried out directly and can be adjusted to the distance and
height of flight using a controller, so that the resulting
product has a higher spatial resolution by the Area of Interest
(AOI), more flexible spectral resolution, and can be processed
directly (lizuka et al., 2018; Ren et al, 2019; Andaru and
Santosa, 2017). By all means, palm oil information obtained
through optical sensing and remote sensing mechanisms in
detecting the presence of chlorophyll reflected directly by
plants (Amirruddin et al.,, 2020; Izzuddin et al., 2020).

The aerial photography data is analyzed using a Geographic
Information System (GIS) to determine the health level of the
palm oil. GIS is a computer system for capturing, storing,
analyzing, and displaying geospatial data (Lu et al, 2018;
Supriadi & Oswari, 2020). GIS software such as ArcGIS and
Agisoft can help manage crops by detecting the spectral
reflection of color by leaf pigmentation and water content in
the canopy through the vegetation index method, namely
Visible Atmospherically Resistant Index (VARI) (Roth et al,,
2023; Tayade et al, 2022). VARI can resist atmospheric
disturbances in the color spectrum, so it can improve the
vegetation index using the red-green-blue (RGB) spectral that
is currently owned by all UAV/Drone cameras (Pollino et al,,
2023; Raj et al,, 2020).

Several previous studies have examined the use of
photogrammetry, remote sensing, and vegetation indices in
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the agricultural sector including palm oil monitoring using
the light spectrum on Worldview satellite imagery in Krabi
Province, Thailand (Malinee et al.,, 2021), mapping of nipa
plants in mangrove using satellite imagery (Numbere &
Maimaitijiang, 2019), assessment of maize growth and
development using remote sensing (Ballesteros et al., 2021),
use of multispectral imagery for yield prediction and
optimisation of maize (Barzin et al., 2020), estimation of
maize grain yield using multispectral spectra from UAV
(Garcia-Martinez et al., 2020), research on soil temperature
and drainage systems by utilising the capabilities of UAV in
detecting hyperspectral and multispectral sensors
(Khuzaimah et al.,, 2022; Andaru & Santosa, 2017), periodic
monitoring of rice to detect growth inaccuracies and soil
quality sensitivity with UAV and Al algorithms in the concept
of smart farming in Pakistan (Hassan et al., 2022), as well as
High-Throughput Phenotyping (HTP) and Multifaceted
technologies in various plants with vegetation index
approaches in analysing chlorophyll levels, aspects, and crop
quality with remote sensing (Kurkute, 2018; Siregar et al,,
2020).

Based on the above studies, the monitoring of palm oil still
uses satellite images that have lower spatial and spectral
resolution than aerial photographs, which has an impact on
relatively low data credibility. In addition, low speed and lack
of accuracy with an error rate of up to 15%, as well as require
very high photo quality for maximum detection. The author
uses UAV/Drone in observing palm oil health to provide good
accuracy and precision in the reduction and prevention of
obstacles faced by stakeholders such as manual checking as
well as the large plantation areas requiring a lot of time, a
large budget, and insufficient human resources. Monitoring
palm oil health using UAV/Drone with GIS analysis provides
several advantages over manual methods that can map large
coverage in a faster and more efficient time (Hassanein & El-
Sheimy, 2018). This is expected to increase the intensity of
plant health monitoring, especially to provide a positive
response to targeted treatments that have an impact on
increasing palm oil production. Therefore, this research aims
to demonstrate the role of UAV/Drone technology in
monitoring and detecting palm oil health that can be used by
stakeholders easily, quickly, cheaply, and extensively.

2. Data and Methods

2.1. Study Area and Research Methods

This research was conducted in Argomulyo Village, Sepaku
District, Penajam Paser Utara Regency, East Kalimantan
Province, which has abundant palm oil plantations. Palm oil
health mapping is needed in plantation management to
increase yield productivity (Pribadi etal., 2023). The research
was conducted on an area of #811 ha using the coordinate
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system of transverse mercator (TM) 3° zone 50.2 at the
location of smallholders.

The research was conducted by taking aerial
photographs of palm oil plantation areas and advanced GIS
analysis. The research was conducted using mixed methods
based on the results of spatial analysis of aerial photographs
and the benefits of UAV/Drone technology in the plantation
sector. The research procedure involved GCP installation,
aerial photography, and GIS analysis using the VARI method

to determine the health of the palm oil (Chaudhry et al., 2021;
Valluvan et al., 2023). To support information about the low
use of UAV/Drone in palm oil health surveillance, a
descriptive qualitative study was carried out by conducting
in-depth interviews by purposive sampling to smallholders,
private estates, and employees of the National Land Agency
who work in Province Offices and Regency Offices in several
Indonesian provinces.
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Figure 1. Research Flow Chart

2.2. Aerial Photography Mapping Using UAV/Drone
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Aerial photography is divided into three stages, namely
preparation, execution, and processing (Ngadiman et al,
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2018). Aerial photography preparation begins with the
installation of GCP at the AOI as coordinate points at the
mapping location (premark) in the form of easily
recognizable natural objects or artificial objects in the form of
contrasting colored crosses to be visible during aerial
photography processing (Kurczynski et al., 2019; Martinez-
Carricondo et al, 2018). The next process is GCP data
measurement by installing a GNSS receiver on top of the
premark to capture and record horizontal (x,y) and vertical
(z) coordinate data statically to get more accurate results
(Ogutcu et al.,, 2023; Padro6 et al,, 2019). This research also
requires coordinating reference data as material for
processing aerial photographs (Choi et al.,, 2022) to obtain
accurate results, namely RINEX Ground Control Point (GCP)
data in the mapping area and InaCors data from Geospatial
Information Agency (BIG) Balikpapan Station. The
implementation stage is carried out through mapping using a
UAV/Drone based on the flight path plan that has been made
with Litchi software (Christiansen et al., 2017). At the end is
the data processing stage to produce aerial photos using
Agisoft Metashape Professional software. Data processing is
done by combining all photos through the stages, namely
adding a photo, aligning the photo, GCP input, building dense

cloud, building mesh, building texture, building dem, building
ortho mosaic, and exporting (Muddarisna et al., 2018).
2.3. Aerial Photography Accuracy

Map accuracy shows the disparity between the coordinates
of the points displayed on the map with the actual position to
meet the standards through a calculation process that can be
accounted for, accurate, reliable, and trusted (Badan
Informasi Geospasial, 2018). Aerial photographs that have
been processed need to know the Root Mean Square Error
(RMSE) value by comparing the GCP coordinate value of the
processing results with the GCP coordinate value that
appears on aerial photographs to get a CE90 value that serves
to determine the quality of aerial photographs (Ihsan et al,,
2019). Map accuracy according to the Geospatial Information
Agency is obtained from the calculation as follows:

CE90 =1.5175 x RMSEr (D

RMSEr: Root Mean Square Error at horizontal x and y
position

Table 1 shows the CE90 scale classification. The smaller the
value, the better the quality of the aerial photo, which is
aligned with the scale value.

Table 1. Classification of Base Map Thoroughness

Map Accuracy
First Class Second Class Third Class
Horizontal Vertical Horizontal Vertical Horizontal Vertical

N Scal Cont

° cale ontour (M) r90inm) (LE90inm) (CE90inm) (LE90inm) (CE90inm) (LE9Oinm)
1 1:25,000 10 7.5 5 15 7.5 22.5 10

2 1:10,000 4 3 2 9.0 4

3 1:5,000 2 1.5 1 1.5 4.5

4 1:2,500 1 0.75 0.5 1.5 0.75 2.3

5 1:1,000 0.4 0.3 0.2 0.6 0.3 0.9 0.4

Source: Badan Informasi Geospasial, 2018

2.4. Visible Atmospherically Resistant Index (VARI)

The result of aerial photography needs to be processed by
the palm oil vegetation index to determine its health level.
The vegetation index of greenness value is obtained by
processing the camera sensor signal against the visible light
spectrum in the vegetation canopy (Dehkordi etal., 2020; Eng
et al,, 2019). The healthy plant contains chlorophyll which
reflects more green spectral light and absorbs red and blue
spectral light (Luo et al,, 2022; Salata et al., 2020). (Kaufman
& Tanré, 1992) introduced the ARVI index to reduce
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atmospheric effects which was later improved by (Gitelson et
al,, 2002) by proposing the VARI method (Wijayanto et al,,
2020). VARI is obtained by the following calculation (Gitelson
etal.,, 2002; Mokarram et al., 2016; Saddik et al., 2022; Viera-
Torres et al., 2020):

VARI= (Green-Red)/(Green+Red-Blue) (2)
Green = Green band
Red = Red band
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Blue = Blue band

The calculation of the VARI method uses the raster function
of band arithmetic in ArcGIS Pro software. This is very good
at providing the value of object reflections received by the
UAV/Drone camera sensor by displaying the visible
electromagnetic spectrum, namely red, green, and blue or
RGB (Nguyen et al,, 2021). Processing the VARI method by
entering the red spectrum in band 1, green in band 2, and blue
in band 3.

2.5. Data Processing for Palm Oil Health Determination

Determining the health of palm oil needs to be done on each
tree to get the correct value as information to determine the
health classification (Wang et al., 2019). To identify palm oil
carefully, digitization was carried out (Budiman et al., 2022)
in the form of shapefile (shp) points using ArcGIS Pro
software. Point digitization was carried out in the center of
the plant then the point that resulted was converted into a
polygon through a circular buffer process with a diameter of
+3 m. The determination of diameter is based on the
estimation of the average size of palm oil branches seen in
aerial photographs.

The final process in health determination is to find the VARI
vector value per palm oil plant using zonal statistics as table
by combining VARI raster data and digitized shp (Zhang etal,,
2015). Zonal statistics as table with the mean statistic type
will calculate the average VARI value for each palm oil
digitization then the results are presented in a table. The table
is then merged back with palm oil trees digitization spatial
data through join fields (combining data based on the same
ID between table data and digitized shp data). Furthermore,
palm oil that already has VARI values is classified using
natural breaks (jenks) by dividing the number of pixels

equally for all areas to determine the number of classes and
intervals (Zongfan et al., 2022).
3. Result and Discussion
3.1. GCP Observation

Argomulyo village did not find any technical base point or
benchmark (BM) which became the base station, so the
binding was done to InaCors BIG Balikpapan Station with
coordinates 1°15' 22" N, 116°50' 22" E, 75 m based on SRGI
2013 reference system. The GNSS receiver used is CHCNav
with a data recording time of 90-120 minutes, which is due to
the location of the base station with GCPs very far away. GCP
data processing uses the post-processing method with
Trimble Busines Center (TBC) software. Post-processing
calculations use the trilateration net method, so that the GCP
coordinates correct each other's data quality with fellow GCP
points and the base station. All GCPs are evenly distributed in
the AOI and installed in locations that are not covered by
buildings and plants, as well as are easily accessible by roads.

The determination of CE90 is based on the United States
National Map Accuracy Standards (US NMAS) with the
formula CE90=1.5175 x RMSEr. The RMSEr value is obtained
by summing the RMSEx and RMSEy values divided by two.
The RMSEx value is 0.071 m and RMSEy is 0.044 m which is
obtained by the square root of the difference between aerial
photography coordinates and actual coordinates divided by
the number of GCP points. The results of the calculation of
planimetric coordinates obtained a CE90 value of 0.088 m
which means that the horizontal accuracy test is included in
the scale map category of 1: 1,000, namely first class order
(good) with a maximum accuracy of 0.3 m, so that this aerial
photo can be used for large-scale mapping such as palm oil
modeling (Badan Informasi Geospasial, 2018).

Table 2. Aerial Photography Horizontal Accuracy Test

Code X GCP Y GCP X Photo Y Photo Diffe;e“ce Diffe;e“ce RMSEX RMSEY CE90
GCPO1 348888951 1397732560 348888950  1,397,732.558 0.001 0.002
GCPO2 347792824 1397520236  347,792.689  1397,529.256 0.135 -0.020
GCPO3 346704864 1396646432 346704858  1,396,646.430 0.006 0.002
GCPO4  348,577.562 1396093847 348577545  1396,093.844 0.017 0.003
GCPO5 346406089 1396130692 346406212  1396,130.716 -0.123 -0.024 0071  0.044  0.088
GCPO6 345753153 1395486653 345753209  1395486.757 -0.056 -0.104
GCPO7 347933465 1395121478 347933484  1395,121.476 -0.020 0.002
GCPO8 347413409 1394742946 347413416  1,394,742.948 -0.007 -0.002
GCPO9 346211159 1394690683 346211252  1394,690,761 -0.093 -0.078

Source: Analysis Result, 2024
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3.2. Orthophotos and VARI Processing

The results of processing aerial photos using DEM data as
photo reconstruction to produce the most optimal
orthophoto compared to other data. The resolution of aerial
photos is 5.12 cm/pixel, much higher than DEM due to the
merging of aerial photos from the acquisition results.
Digitization of palm oils is necessary to provide precise
positioning for health determination per plant. The AOI'is +20
ha of the total aerial photo area of +811 ha because it already
represents the sample area shown in Figure 2 (left). The
identification results are 2,167 palm oil plants that are evenly
distributed and the empty areas are shrubs, other vegetation
outside palm oil, and access roads in each palm oil block. VARI

1397000

1396000

1395000

results show values with a range of -8 to 19. Figure 2 (right)
shows the low nominal value in green, the higher value in
yellow, and the highest value in red. The smaller even minus
value indicates worse health areas seen in the aerial photo. It
can be seen in Figure 2 (right) that shrubs, soil, and roads are
marked in green areas. The yellow areas show vegetation
with unhealthy leaf canopies and the red areas show
vegetation with healthy canopies. It is quite clear that the red
areas are in each palm oil canopy close to the trunk. This is
due to the richness of nutrients in these areas. The values in
Figure 2 (right) are not the final VARI processing values for
vegetation health, additional analysis needs to be carried out
for each pixel on the palm oil areas with the VARI raster data.

Figure 2. Aerial Photo (left) and VARI Values (right)
Source: Analysis Result, 2024

3.3. Palm Oil Health

There are 4 classifications in determining health using
natural breaks (jenks) including the value of 0.048385-
0.178361 given a red color for very unhealthy palm oil, the
value of 0.178362-0.210414 given an orange color for
unhealthy palm oil, the value of 0.210415-0.243341 given a
purple color for healthy palm oil, and the value of 0.243342-
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0.370319 given a blue color for very healthy palm oil. These
results were obtained by further spatial analysis between the
VARI values and palm oil areas with pixel value equalization.
Figure 3 shows in detail that the health value against the
number of plants. The smallest value of 0.048385 was
identified in 1 plant, the largest value of 0.370319 was
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identified in 3 plants, and the average value of 0.21143 was
446 plants.
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Figure 3. Histogram of VARI Values for Palm Oil Health
Source: Analysis Result, 2024

Based on the classification, 303 palm oils were found to be
very unhealthy (14%) and require extra care. Very unhealthy
palm oils dominate in the upper block of the left part, it
appears on the map that the area is not penetrated by other
roads which indicates that monitoring is rarely carried out.
The distribution of very unhealthy palm oils in certain spots
indicates the factor of human error that forgets maintenance
due to the large number of palm oil plants and some locations
that are difficult to reach. Unhealthy palm oils dominate the
upper block area with 750 plants (34.61%) that are evenly
distributed. In addition, in the middle block area which is
more difficult to reach, there is no visible road access.
Furthermore, the healthy palm oils category is 792 plants
(36.54%) spread across the upper and lower blocks. The
upper block shows healthy palm oils on the south side,
meaning that road access is better even though it does not
penetrate other blocks. This is corroborated by the lower
block which is dominated by the healthy palm oils category.
There are 322 plants categorized as very healthy palm oils
(14.85%) spread across the lower block and upper block on
the south side. It can be seen on the map that the ease of road
access on the north and east side of the lower block is a
supporting factor and the intensity of maintenance is
dominated in the lower block where very unhealthy and
unhealthy palm oils are rarely seen.

Very Unhealthy g
' Unhealthy
Healthy

Very Healthy
J D A

Figure 4. Palm oil Health Classification Map
Source: Analysis Result, 2024
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3.4. Food Availability with Palm Oil Plantations on Food
Security

In this post-pandemic period, innovation is needed to
maintain the balance of demand and availability (Sridhar et
al,, 2022; Suma, 2021). State policies and instruments must
lead to the fulfillment of urgent needs, namely the food needs
of the people (Ammann et al, 2023). In addition, the
fulfillment of needs is still required to pay attention to the
environmental context and biodiversity in a comprehensive
manner (Galeana-Pizafia et al., 2018). Sustainability is the
idea of thinking about the future that connects the balance of
the environment, social conditions, and the economy, along
with development that aims to improve the quality of life
without depleting resources (Mensah, 2019). Pillars of
sustainability: Economic Sustainability means the fulfillment
of consumption without sacrificing the needs of the future,
the assumption of an abundant supply of natural resources
does not mean that it is placed in an inappropriate market
economy (Tranggono et al.,, 2019). Production, distribution,
and consumption processes are known to be increasingly
transboundary due to technological effectiveness and
efficiency. Various regions are trying to increase food self-
sufficiency and reduce poverty through improved food
security policies while preserving the environment
(Cattivelli, 2022; Galeana-Pizafia et al., 2018).

Sustainable

Paradigm

Yellow
Function

Sustainable

Development
Foundation

Figure 5. The Relationship Net between Sustainable
Paradigm and Sustainable Development Foundation
Source: PASPI, 2021

Figure 5 is the concept of a Sustainable Food System which
has a combination of the Sustainable Paradigm and
Sustainable Development Foundation theories (PASPI, 2021).
The Sustainable Paradigm alludes to the multifunctional
theory of agriculture discussed at the 1992 Rio Earth Summit
including the green function (nature and biodiversity
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management); the blue function (water management); the
yellow function (community sociology); and the white
function (food security and safety). This theory
conceptualizes multifunctional build-in agriculture in which
farms not only provide food products but also provide soil
and environmental conservation landscapes (green-blue),
which contribute to human socio-economic survival (yellow-
white) (PASPI, 2021). The Sustainable Development
Foundation according to the World Bank relates to the
sustainable paradigm based on the 4P concept including
profit (white function), people (yellow function), planet
(green and blue function), and policy (World Bank, 2012).
The combined implementation of the two theories such as the
resilience and availability of vegetable oil (white function),
can affect society (4P).

In the post-pandemic period, the price of Crude Palm Oil
(CPO) experienced sharp fluctuations due to intense
competition for palm oil prices. (Cheah et al, 2023).
Furthermore, Supply Chain Management (SCM) is an
integrated production process with distribution flows to
consumers (Nchanji & Lutomia, 2021). According to analyst
Michael Filbery (Phillip Securities Indonesia), the SCM
constraints on palm oil products were due to the negative
impact of the pandemic which caused a drastic decline in
demand and a halt in CPO consumption by the tourism sector
and the restaurant industry (people). Furthermore, from
November 2021 to May 2022, there was a sharp correction in
CPO (5%) after a large demand from palm oil importing
countries which increased by 55% from the previous year
(Kementerian Perdagangan Republik Indonesia, 2021). At the
end of the second quarter of 2022, CPO prices fell sharply by
40% due to the COVID policy, illegal exports, and logistics
access constraints (Syahfitri et al.,, 2022). Over time, internal
causes of palm oil price fluctuations include palm oil
hoarding, labor shortages, bad weather, as well as quarantine
and mobility restrictions (Aryani et al., 2022). This caused the
demand for CPO production to double and had a domino
effect on the increase in palm oil prices (profit) (Dandi
Bahtiar & Faraitody, 2022; Nafisah & Amanta, 2022).

Vegetable cooking oil sources in Indonesia have prices that
are directly correlated with the international CPO market
(Nafisah & Amanta, 2022). In 2021, CPO prices rose by 36%,
which had a domino effect on the increase in cooking oil
prices from the end of October 2021 to June 2022. People's
behavior regarding variations in choosing, buying, using, and
discarding the goods and services they have used affects the
fulfillment of consumer wants or needs (Ernah & Tanaem,
2021). At the beginning of the pandemic, people reduced
spending and focused on prioritizing their needs, but after the
recovery of economic activity in mid-2021 there was an
increase in purchasing power. Of course, this has an impact
on the amount of domestic vegetable oil consumption which
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is threatened due to competition to fulfill life's needs.
Indications of a surge in CPO prices are feared to have an
impact on people who do not have sufficient access, ability,
and even availability to purchase palm oil (white and yellow
function).

Food security has four variables that must be fulfilled,
namely food availability, accessibility, utilization, and
stability (Kamenya et al., 2022). Food availability according
to Law No. 18/2012 is a condition of availability of food
production, food reserves, and import activities to meet
domestic needs (Pemerintah Pusat, 2012). Food accessibility
is defined as the ability of households to obtain food. Food
utilization is the ability of individuals to absorb nutrients
from the body. Food security is when people have physical
and economic access at all times to sufficient, safe, and
nutritious food to fulfill their needs for a healthy life (Hervas,
2021; Suma, 2021). In practice, the development paradigm
with the food strategy will depend on the current market
conditions (Hervas, 2021). The effect of palm oil prices is felt
directly by the community given the impact of fluctuations in
buying and selling prices on the market.

3.5. Food Availability with Palm Oil Plantations towards
Smart Agriculture

The development of the needs and desires of humanity
requires various technological solutions that are fast and
precise to fulfill their needs. The use of technology for
agriculture can increase production power and efficiency of
product quality results. Furthermore, it is expected that there
will be an increase in the standard of living of the parties
involved in agriculture 4.0 activities (Klerkx et al., 2019;
Sudaryanto et al., 2022). Agriculture 4.0 initiated the merger
of digital technology and the food production chain involving
pentahelix collaboration (Kheyfets & Chernova, 2019).
Studies on the use of agricultural technologies emphasize cost
savings as well as taking advantage of the comprehensive
implementation of such technologies (Akhter & Sofi, 2022). A
study outlines the perceived benefits of integrating
technology with farming in production and monitoring
activities in the United States. A sample of 837 farmers with a
wide variety of crops and various regions stated that 25%
utilize UAV/Drone in monitoring their plantations. It was also
found that 88% of business respondents agreed that the right
farming technology is a contributor to their financial
profitability. Furthermore, 51% of the respondents agreed
that the use of agricultural technology can save their farming
budget and the remaining 49% felt that the technology
increases yield and harvest efficiency (Thompson et al,
2019).

According to (Suma, 2021) and (Sisinni et al., 2018), the role
of IOT in the smart agriculture agenda is to control irrigation,
soil moisture, plant growth, and production management
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according to smart agriculture. I0OT means internet-
connected equipment containing sensors, transducers, and
network connections to exchange data (Sanjeevi et al., 2020),
even now able to identify health in plants from their leaf
canopy. Indonesia is known as the world's largest palm oil
exporter with a productivity of 43.5 million tons (Cisneros et
al,, 2021) with a total plantation area of 14,456,461 hectares
(Kementerian Pertanian, 2022). The palm oil commodity
contributes to the country's foreign exchange, produces
vegetable oil for food, and can produce biodiesel energy that
is more environmentally friendly (Ayompe et al., 2021). The
Roundtable on Sustainable Palm Oil (RSPO) work plan is one
of the strategies to regulate governance as well as equity and
social relations in the agricultural commodity chain, to create
sustainable yield management by applying inclusive concepts
for the community (Johnson, 2022) by actualizing various
innovations in agricultural technology (Cérdoba et al., 2022).

Palm oil plantations in Indonesia are suitable to use the
concept of Large Scale Precision Agriculture (PA) and Smart
Agriculture. Precision Agriculture is the disciplined character
of data collection, memory, and processing from various
digital sources with a specific purpose (Hrustek, 2020). Smart
Agriculture is the implementation of integrated software,
hardware, and brainware to process raw data into
agricultural information (Eastwood et al., 2017; Klerkx et al,,
2019; Qubaa et al,, 2021). The latest concept in the palm oil
sector is Smart Farming Based Digital which implements the
Precision Agriculture Platform for Palm Oil (Precipalm) and
Electronic Plantation Control System (ePCS). Precipalm
moves to support the transformation of Information and
Communication Technology (ICT) by Agriculture 4.0 (Aslan et
al, 2022) whose main concept is the development of
sustainable agro-industry through cooperative relationships
involving communities and organizations, as well as state and
private business entities that remain within the legality of
policies and regulations. Such cooperation includes the
application of modern blockchain in the production-
distribution of CPO and even joint efforts in the procurement
of agri-drone for land mapping, monitoring of palm oil plants,
sprayer-drone, and soil sensor management (Bharambe et al,,
2020).

The manifestation of these various aspects requires
comprehensive plantation production management. Through
in-depth interviews with palm oil plantation businesses and
the National Land Agency (the agency that issues Plantation
Business Use Rights), information was obtained on the
utilization of UAV/Drone technology for monitoring palm oil
health. Based on the results of interviews conducted with 15
employees of the National Land Agency who work in Province
Offices and Regency Offices from Kalimantan, Riau, Jambi,
Sulawesi, and Papua that + 45 palm oil companies visited and
found only one company that uses UAV/Drone as a means of
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monitoring the quality of palm oil health. The use of
UAV/Drone so far has only been for land mapping and
planting points. Interviews conducted with 2 smallholders
and 5 private estates found various advantages and

disadvantages in trying to manage palm oil plantations.
Shown in Table 3 as the results of in-depth interviews with
palm oil smallholders and private estates.

Table 3. Stakeholders Interview

Factor Smallholders Private Estates
Human resources are sufficient due to the involvement
Human of lan(.iowners who manage their plantations. Howev_er, Human resources who master GIS knowledge are
there is often a shortage of workforce when harvesting . .. : >
Resources . . . . insufficient due to the large area of palm oil plantations.
and weeding are carried out simultaneously in several
palm oil plantations.
Most of the work has been taken over by technological
Technolo Manual work and daily habits using makeshift tools and  tools, as evidenced by the fact that four companies use
gy labor. UAV/Drone for land mapping, but very rarely for palm oil
health monitoring.
. Not having the financial resources to develop their Ha.ve plenty of funds to develop their farming system§, as
Funding . evidenced by the use of UAV/Drone and various
. farming methods from manual to modern due to the . . . .
Availability " " technological tools in the planting, maintenance, and
focus on "enough for household needs". .
harvesting processes.
. Flexible in conducting maintenance, but there is often a .CaFHEd out periodically by tal.<1ng several samples and this
Time : . is an obstacle to the proportion of samples and the total
delay in harvest time due to labor shortage. . :
plantation area is not balanced.
Area Only 2-5 hectares on average. Over 500 to 20,000 hectares.

Source: Analysis Result, 2024

The nature of plantation mechanization can be useful in
increasing mechanical labor, reducing defects and failures,
increasing the quality of crops, supporting the provision of
facilities, increasing labor productivity, and efforts to
transform traditional (manual) plantations into more
modern ones to determine the best plan for improving the
palm oil health surveillance system (Aldillah, 2019;
Wulandari & Wiranata, 2022). The results of the interviews
show that the mechanization of plantation production in the
form of the use of UAV/Drone is still not widely used to
monitor smallholders and private estates. The study
conducted (Hassan et al., 2022) recommended Al cognitive
algorithms to interpret and react to crop conditions with
accuracy, accessibility, and easily monitored processing.
However, according to (Tayade et al., 2022) Al technology is
still minimally developed and requires expensive equipment
to obtain quality data and information. By the nature of
plantation mechanization, the use of UAV/Drone can be the
most appropriate means for business actors in all strata to
monitor their plantations. The concept of ePCS and Precipalm
can be adopted to replace the entire conventional recording
process with digital and the condition of palm oil plants can
be known in real time. It can involve pentahelix collaboration
in the supply blockchain corridor to share costs in
production, maintenance, and monitoring.
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4. Conclusion

Monitoring palm oil health in the post-pandemic era is
necessary to maintain food availability, stability, and
accessibility. Food availability and security can be met
through the Sustainable Food System, a concept to meet food
needs while taking into account environmental factors for
future needs, which is composed of components of natural
management (green), water (blue), social society (yellow),
and food security (white), as well as government policies
(policy). The pandemic period that occurred resulted in the
instability of palm oil production and consumption levels,
which adversely affected the inconsistency of the sector.

The application of Smart Agriculture is the implementation
of software, hardware, and brainware that are integrated in
obtaining agricultural information to increase the production
power and efficiency of palm oil can reduce the risk of failure
of the Sustainable Food System in the future. Determination
of palm oil health is carried out by GIS analysis using aerial
photographs with the VARI vegetation index method on 2,167
samples in the Argomulyo Village community plantation with
classifications including 14% very unhealthy, 34.61%
unhealthy, 36.54% medium/healthy, and 14.85% very
healthy. Unhealthy and very unhealthy palm oils require
further comprehensive handling to prevent further spread
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and damage which ultimately affects the level of food
availability and security.

The main purpose of utilizing GIS in terms of palm oil health
control is to expand access to data and information for
stakeholders by utilizing technology. Smallholders and
private estates can implement the method of determining
palm oil health using aerial photography with VARI analysis.
This is important to do to increase the productivity of
plantations. The role of the government is important in
encouraging stakeholders to actualize this method through
the formulation of regulations or policies related to the use
and legality of UAV/Drone. Of course, pentahelix
collaboration plays a major part in the development of palm
oil plantation activities and even other crop commodities to
increase the efficiency and effectiveness of agricultural land
for sustainable food.
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