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Abstract—Kalabati(Oriza Sativia L.) is a black or forbidden
rice variety with rich medicinal and nutrient values. Tradition-
ally, several studies acknowledged the unlimited potential of
black rice and intensive research conducted in the laboratory
environment to determine its benefits. The presence of antho-
cyanin(anth) content in Kalbati rice plants turns leaves into black
or purple. Several studies identified rice canopy using remote
sensing technologies, but none attempted to distinguish black
rice areas. Understanding the existence and yield of black rice
helps governments or policyholders to take appropriate decisions
to promote its benefits in society for broader consumption. This
study aims to evaluate the feasibility of using satellite imagery
to identify the anth content of Kalabati plant leaves using leaf
optical properties. Sentinel2 based indices help to identify Anth
content in the leaves using its multi-spectral(MSI) instrument. A
combination of Modified Anthocyanin Index(mARI), Chlorophyll
Vegetation Index(CVI) and Green Leaf Index(GLI) is used to
determine the complex rice canopy of the black rice that exists
at a negligible percentage among other crops. The correlation of
mARI with CVI has an RMSE value of 0.11314, and the same
RMSE value of mARI with GLI is at 0.66441. Finally, the study
concluded anth content in Kalabati rice could be interpreted
using multi-spectral data from Sentinel-2.

Index Terms—Black Rice, Kalabati, Remote Sensing, Sentinel-
2.

I. INTRODUCTION

Rice is the primary cereal food for nearly 50% of the
population across the world. In 2020, Asia alone contributed
for 91% of 514 million metric tonnes of rice produced
worldwide. Several governments in Asian countries supply rice
at a subsidy rate for the millions of people living in poverty,
and therefore it influences critical food security conditions in
the society. Nevertheless, rice loses its nutrient benefits during
the milling process from bran and hulls, which are a source of
B vitamin, iron and zinc minerals. Consequently, people who
depend on polished rice suffer from vitamin deficiencies(1; 2).

Rice fortification(3) is one of the underutilized opportunities
to overcome vitamin and mineral deficiencies(1; 4). Several
studies demonstrated significant benefits to leverage hot and
cold extrusion technologies during the fortification process(5;

6). It is challenging to get acceptance from producers and
consumers in both extrusion processes due to alterations in the
natural process. Alternative to rice fortification is following the
bio-fortification technique(7) to increase the nutritious value
when plants grow. The bio-fortification process goes through
cross-breeding or genetic modification phases to yield high
nutritious output. Each of these fortification processes requires
focused efforts to get the required output. On the other hand,
black rice is a naturally available nutrient-rich breed cultivated
in a few landraces due to less demand.

Black rice(8) is one of the rice cultivars from the species of
Oryza sativia L which has 118K genes under three genomes in
the genomics database(9; 10; 11) as of today. The black rice
is also famous as ”forbidden rice” due to restricted access
for ordinary people during kings time in China. Despite these
facts, it’s widely accepted that black rice is rich in medicinal
values(12; 13; 14; 15; 16; 17; 18; 19; 20) and brings several
health benefits if it’s consumed regularly. It is also served as a
particular food or beverage item in festivals and celebrations
as part of socio-cultural practices(21). Anthocyanin(Anth)
presence in the rice makes it a black or purple. Anth content is
also responsible for the different colouration of the plant leaves
like red, purple, blue(22). There are various past and ongoing
studies to use Anth as a potential replacement for synthetic
dyes(23; 24; 25; 26) and functional colorants(27; 28; 22; 29).
The black rice has many Anths which exists in different parts
of the rice plant like leaves, grains, stigma and stem at different
development stages(30).

Despite its benefits, society is less aware of black rice exis-
tence and hardly any demand for cultivation in the agricultural
community. Governments’ strategic decisions play a critical
role in bringing awareness and promoting health benefits to
increase the demand for black rice as a primary staple food.
Policymakers need to identify and assess the current state of
the cultivated area to establish the desired goals of bringing it
as a regular commodity for the citizens. Manual surveys and
assessments of crop identification and classification require a
lot of time and cost. Remote sensing technology offers plenty
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of benefits to identify various crops at a spatial scale with
better accuracy and quality with minimal resources. Hence,
this study aims to evaluate the feasibility of using satellite
imagery to identify the cultivated area of Kalabati rice(a black
rice variety). The presence of anthocyanin(anth) content in
Kalbati rice plants turns leaves into black or purple. Sentinel2
based indices help to identify Anth content in the leaves
using its multi-spectral(MSI) instrument. A combination of
Modified Anthocyanin Index(mARI), Chlorophyll Vegetation
Index(CVI) and Green Leaf Index(GLI) is used to determine
the complex rice canopy of the black rice that exists at a
negligible percentage among other crops. mARI and CVI
indexes are proportional to each other, indicating the rice
plant’s healthy vegetation with anthocyanin content. At the
same time, the GLI had shown negative values in the study
area of the black rice that tells which is a non-green canopy.

a) Study Area: The study was conducted in the Bhongir
region of Warangal District of Telangana, located at the co-
ordinates of 752’44.8”N and 7853’53.4”E. The area accounts
for a tiny portion of the Black Rice variety, i.e. Kalbati. Figure
1 shows the geographical location and in-situ picture captured
in August 2021 from the study area. The Kalabati rice canopy
appears in black, whilst the white rice area is in green.

[b]1

Fig. 1. A black rice variety - Kalbati cultivated location with in-situ picture

In the remaining part of the document, section 2 describes
estimation techniques used to calculate anth content in plant
leaves using traditional and advanced technologies. Section
3 elaborates materials and methods employed to identify the
black rice canopy in the study area. Section 4 discusses
results; finally, section 5 concludes the benefits of study and
opportunities at a spatial scale.

II. ESTIMATION TECHNIQUES

Traditionally, estimating Anthocyanin(Anth) in plant leaves,
fruits and grains are laborious and time-consuming. High Per-
formance Liquid Chromatography(HPLC), Ultra-Performance
Liquid Chromatography/Time-of-Flight Mass Spectrometry
(UPLC/Q-TOF-MS), pH differential methods are used (31;
32; 33; 34; 12; 35; 36; 37; 38; 39) in a controlled laboratory
environment.

Spectroscopy is an alternative to wet chemical methods
to determine anth content in leaves(40; 41). In the past,
various non-invasive studies happened in vivo to estimate and
determine leave properties using spectral indexes(42; 43; 44;
45; 46). Chlorophyll, which participates in the plants photo-
synthesis activity, directly affects primary production(47) as it
contains nitrogen essential for nutrient status. The chlorophyll
decreases during the senescence at different stages of plant
growth(48). Floods and plant stress adversely influences the
chlorophyll absorption rate. It is crucial to determine whether
plant colouration changes are natural or not to understand
healthy vegetation. The leaves observed at the wavelength
of 550nm spectral bands strongly correlate with Chlorophyll
and Anth content(49). Non-destructive study of Anth in leaves
suggested using green and red edge spectral bands and near-
infrared(43). The current study leveraged experimental analy-
sis of the handheld spectroscopy and applied those approaches
at the spatial scale for the black rice canopy.

The existence of MSI satellites helps to determine spectral
indices of anths at specific spatial and temporal resolutions.
In this study, an attempt is made to determine the modified
Anthocyanin Reflectence Index(mARI)(50; 51) its relationship
with Chlorophyll Vegetation Index(CVI)(52; 53) and Green
Leaf Index(GLI)(54; 52) at spatial scales using Sentinel-2.
mARI helped to recognize anthocyanin whilst CVI determined
the chlorophyll content of the leaves, and GLI assessed the
leaf’s greenness across the canopy. mARI and CVI indexes
are proportional to indicated healthy plant vegetation with
anthocyanin content, responsible for colouration. At the same
time, GLI had shown negative values which means non-green
colour. The correlation of mARI with CVI has an RMSE value
of 0.11314, which means anth is approximately calculated with
89% accuracy. Similarly, GLI is around 65%, indicates a non-
green region.

III. MATERIALS AND METHODS

Global Monitoring for Environment and
Security(GMES)(55) is a joint initiative of the European Space
Commission(EC), and the European Space Agency(ESA)
manages the Sentinel-2 program. Sentinel-2 has a constellation
of two satellites, Sentinel-2A and Sentinel-2B, which
systematically acquires optical imagery with a frequent
revisit in five days at the equator. It has a 290km field
of view(fov) and MSI with 13 different spectral bands at
different wavelengths. Sentinel bands in the visible(RGB) and
near-infrared(NIR) range helps to monitor agricultural lands
with 10m, 20m and 60m spatial resolutions with 5 and 10
days of temporal resolution.

The SNAP(Sentinel Application Platform) tool is used to
analyze Sentinel-2A and Sentinel-2B tiles. Copernicus Open
Access Hub, managed by ESA, offered high-resolution tiles
in all bands from 2020 to study the leaf optical properties
of black rice(Kalbati) from vegetative reproductive stages to
the ripening stage. The image data is acquired in Aug’2020,
Oct’2020, Dec’2020 and Mar’2021. These months fall under
Kharif, which is a local name for the rainy season of June
to November, and Rabi is a dry season for the period from
December to March(56).
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Single Look Complex(SLC) images are ortho-rectified to
Sentinel level-2A Bottom of Atmosphere(BOA) images. The
pixel values of black rice and non-black rice cultivated land is
retrieved to correlate and contrast observations mARI(50; 51),
CVI(52; 53) and GLI(54; 52) values. Several models are built
using B2 to B9 bands of Sentinel -2 and then compared their
relationships with mARI(50; 51); values fluctuate based on
the scanner’s incident angle at different stages of the plant
growth. Consequently, it is not possible to use mARI alone
to identify the rice at a spatial scale. So, used CVI(52; 53)
to determine whether it’s rice grown area with the appropriate
value. CVI helped standardize the vegetation state of the rice
canopy. Then, to rule out the study in green-leaf rice canopy,
GLI(52; 53) values are considered. Finally, mARI and CVI
values helped to identify the black rice canopy.

[b].6

Fig. 2. Correlation of mARI and CVI
[b].6

Fig. 3. Correlation of mARI and GLI

Fig. 4. mARI Correlation with CVI and GLI using Trained and Test Data

IV. RESULTS AND DISCUSSION

The current study examined leaf optical properties at the
spatial scale using satellite imagery to determine Anth(mARI)
containing black rice leaves and its correlation with Chloro-
phyll(CVI) and green leaves(GLI).

TABLE I
RMSE VALUES OF FIG:2

mARI vs CVI mARI vs GLI
0.11314 0.66441

These indices help determine black rice in the study area,
which is challenging to identify alone with one specific index
due to the complex nature of the black rice canopy that exists
along with the brown rice canopy. mARI helped to recognize
anthocyanin whilst CVI determines chlorophyll content of the
leave and GLI can assess the greenness of the leaf. mARI
and CVI indexes are proportional to each other to indicate
healthy vegetation of the plant with anthocyanin content. At
the same time, GLI is inversely proportional to mARI, which
means non-green colour. The correlation of mARI with CVI
has an RMSE value of 0.11314, and the same RMSE value
of mARI with GLI is at 0.66441. The study closely examined
the existence of anth content in black rice canopy with 89%
accuracy.

V. CONCLUSION

As per the studies mentioned above, black rice has numer-
ous medicinal values to prevent chronic diseases but is less
cultivated globally. According to historical literature, autocrats
played a crucial role in deciding eligibility for cultivation in
the designated areas. Consequently, the socio-economic status
of people played a pivotal role in the limited adaptability to the
cultivation. However, society is moving towards a health-first
mindset, demanding better organic and traditional grains to
reduce unnecessary medical expenses. The past studies believe
that black rice is best among the contemporary grain of the
staple foods with certitude. So far, farmers have adopted the
cultivation of black rice to a limited extent as there is hardly
any demand as very few people are aware of its existence.
So many studies have been conducted in the black rice area,
but mostly limited to the hand-held spectroscopy or in the
laboratory environment as described earlier.

The current study considered the outcome of laboratory
observations from the hand-held spectroscopic instruments,
scaled them to spatial level using remote sensing images to
study complex characteristics of the black rice. The study
also acknowledges the difficulty of determining black rice
colour, transforming it into various shades from vegetative to
ripening. Consequently, more than one spectral indices used
to distinguish healthy vegetation of the Kalbati black rice. The
study also highlighted the nutrient and medicinal benefits to
create awareness among people to overcome malnutrition and
food security. Governments and policymakers can use remote
sensing technology to identify black rice cultivated lands to
estimate and assess the need for society to promote health
benefits among people and increase farming practice in the
agriculture community.
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