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Abstract. Bande LOS, Hasan A. 2024. Estimation of blight and spot diseases severity in Ciherang and Ciliwung rice varieties based on
vegetation index algorithms. Biodiversitas 25: 1015-1021. Blight and spot diseases are often associated with rice plant, causing high
disease severity and potentially reducing crop production. One effective disease management strategy is using resistant varieties and
intensive disease monitoring through camera sensor technology and vegetation index-based image processing. Therefore, this study
aimed to assess the severity of blight and spot diseases on two rice plant varieties based on vegetation indexes. Image recording was
carried out on rice field and leaf samples of Ciherang and Ciliwung varieties. This was followed by image processing based on
normalized difference vegetation index (NDVI) to determine the proportion of sick/healthy plants in the field and dark green color index
(DGCI) to quantify disease severity. The results showed that the proportion of healthy plant in Ciliwung rice field was greater than in
Ciherang as shown by NDVI. Based on DGCI, Ciliwung also had a relatively lower level of disease severity compared to Ciherang,
although the difference was not statistically significant. Blight disease caused more severe damage to rice leaf than spot disease based on
image processing results. Furthermore, a positive correlation was observed between the increase in DGCI and NDVI.
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INTRODUCTION

Rice production is threatened by various diseases,
including leaf blight and spot, significantly reducing crop
yields and affecting the quality. Bacterial leaf blight is
generally caused by the pathogen Xanthomonas oryzae pv.
oryzae (Xo0). Yield losses due to this disease are estimated
at approximately 50% worldwide and 81.3% in India
(Shekhar et al. 2020). When infection occurs at the
maximum tillering stage, the potential for reducing crop
yields may reach 20-40%. However, when infection occurs
at the early stages of growth, it potentially causes severe
crop yield losses reaching 50% (Chukwu et al. 2019).

Leaf spot disease is generally caused by the pathogenic
fungi of different species, such as, brown spot disease is
caused by Drechslera oryzae (Breda de Haan) Subram. &
Jain [syn. Bipolaris oryzae; Helminsthosporium oryzae,
teleomorph: Cochliobolus miyabeanus (Ito & Kaurib)]
(Mew and Gonzales 2002; Mau et al. 2020). Meanwhile,
blast spot disease is attributed to Pyricularia oryzae Cav.
[syn. teleomorph: Magnaporthe oryzae] (Asibi et al. 2019;
Sahu et al. 2022), causing yield losses ranging from 52%
(Barnwal et al. 2013) to 100% (Mau et al. 2020). A high
intensity of blast disease in the field could decrease rice
yield (Sudiarta et al. 2021). Due to the large impact of
blight and spot diseases on crop yield, diagnosis and
control efforts are crucial to minimize the impacts.

Common control methods entail planting disease-
resistant varieties, but the varying levels of resistance
among rice varieties, including Ciherang and Ciliwung,
present challenges in selecting truly disease-resistant

varieties. Another method is to carry out regular and
routine monitoring to measure disease  severity.
Measurement of disease severity is crucial in diagnosing
plant diseases because it is closely related to the level of
resistance, appropriate control time, and future crop yield
losses. However, conventional monitoring methods based
on visual observation can be time-consuming and
inaccurate, specifically when carried out over large
planting areas. This reflects the need for more efficient and
accurate monitoring methods. These methods include using
camera sensors and digital image processing based on
vegetation index algorithms such as normalized difference
vegetation index (NDVI) and dark green color index
(DGCI).

Camera sensor technology and digital image processing
based on NDVI have been widely used for measuring rice
plant diseases in the field (Phadikar and Goswami 2016;
Zhang et al. 2018; Zheng et al. 2023). However, there have
been no reports regarding the use of DGCI for the same
purposes. Previous studies only used DGCI to determine
the chlorophyll and nitrogen levels in plant leaf (Karcher
and Richardson 2003; Rorie et al. 2011; Saberioon et al.
2013; Rhezali and Rabii 2020; Gée et al. 2023). There is
also no information describing severity levels of blight and
spot diseases in Ciherang and Ciliwung rice varieties.

This study aimed to assess the severity of blight and
spot diseases in Ciherang and Ciliwung varieties based on
NDVI and DGCI vegetation indexes. The results provide
insight into the resistance of these two rice varieties, which
will aid in successful management of disease control.
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MATERIALS AND METHODS

Study area

Image recording and sampling of rice leaf from
Ciherang and Ciliwung varieties were conducted in rice
field at Lebo Jaya Village, Konda Sub-district, South
Konawe District, Southeast Sulawesi Province, Indonesia
(4°05'45.7"S 122°28'41.8" E), and all stages of the study
were conducted between May and July 2023.

Vegetation index-based image recording and processing

This study focused on measuring blight and spot
diseases severity using a digital image processing method
based on NDVI and DGCI vegetation index algorithms.
The stages of this study can be described as follows:

NDVI vegetation index

NDVI vegetation index was used to assess the
proportion of diseased plants in rice field in a plot, using
the single image-NDVI (SI-NDVI) method. This entailed
processing a single image containing information from the
Near-Infrared (NIR) and visible light (blue) spectra. The
method comprised five rice plots with recorded images,
including three plots for Ciherang variety, each measuring
approximately 90x32 m (length x width), and two plots for
Ciliwung variety, each measuring 60x24 m (length x
width).

Rice field images were recorded based on the
methodology by Hasan et al. (2021) with slight
modifications. Recordings were taken from 09:00 am
UTC+8 under clear sky conditions, using Canon EOS
750D camera with a lens featuring an On-Lens IR-Ultra
Blue filter (www.spencercamera.com). This filter captured
the visual light spectrum in the blue range (300-450 nm)
and NIR range (700-1100 nm). The camera, mounted on a
tripod for stability, was positioned at an angle of
approximately £30°C at the farthest point of rice field. The
settings were configured in aperture priority mode with an
aperture of 29, shutter speed and ISO set to auto, flash
disabled, white balance adjusted, and a lens focal length of
29.0 mm. The captured RAW format images were
converted to JPEG format with a resolution of 300 dots per
inch (dpi) using the Digital Photo Professional version 4
application.

SI-NDVI images were processed using the Fiji-ImageJ
application with the Photo Monitoring plugin installed
(Horning 2012; Schindelin et al. 2012). NDVI values were
obtained by extracting image data using the Histogram tool
(Fiji-lmageJ), where the range was between -1.00 - 1.00.
The proportion of values was calculated based on the plant
disease incidence (modified) formula as follows (Rodrigues
et al. 2019):

. Y Frequency of NDVI values in specific range
NDVI values proportion= %100
Y Frequency of all NDVI value ranges
@)

The range of NDVI values can be categorized as
follows: -1.00 to 0.00: an area without living vegetation,
0.01 to 0.10: a diseased plant area, and 0.11 to 1.00: a
healthy plant area with varying degrees of health.
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DGCI vegetation index

DGCI vegetation index was used to discern disease
severity based on the disease observed. Leaf samples were
collected the day following NDVI image recording and
each rice field plot was subdivided into six subplots,
measuring approximately £1.5 m2. In each subplot, 15 rice
plant leaves were randomly collected, each originating
from a different clump, resulting in a total of 90 leaves
sampled in each plot. Leaf samples for each subplot were
scanned using a Canon Lide 120 scanner at a resolution of
300 dpi.

RGB image of each leaf was converted to hue,
saturation, and brightness (HSB) color space using the Fiji-
ImageJ application. Subsequently, values for each hue,
saturation, and brightness parameter were extracted for
each converted image. DGCI value for each leaf image was
calculated using the formula as follows (Karcher and
Richardson 2003):

DGCI value = [((H - 60)/60) + (1 -5 + (1 - BII/3 (2)

Similar to NDVI, DGCI was a unitless parameter
ranging from 0.00 (very yellow) to 1.00 (dark green)
(Rhezali and Rabii 2020). DGCI values obtained from the
image processing were then categorized into several
disease severity classes (Table 1). Categorizing disease
severity percentages based on DGCI facilitates a more
straightforward field assessment. First, 10 disease severity
classes were determined, namely 10-100%, then the highest
(max) DGCI values i.e. 0.44 = 44% were determined from
image processing of all symptomatic leaves, while lowest
(min) DGCI values were determined to be 0.00 = 0%. The
value of 0.00 was determined as the minimum value for
measuring the DGCI index in this study with the aim of
facilitating the categorization of disease severity based on
DGCI values close to 0.00 in future studies. DGCI value
interval of symptomatic leaves in each disease severity
class was calculated using the category class width
determination formula as follows (Tsokos and \Wooten
2016):

MaxDGCI value — MmDGCI value

Interval values = .
Number of class categories p;sqse severity (3)

Table 1. Disease severity categories (%) based on DGCI

DGCI index* Disease severity (%)

>0.44 0 or Healthy (no symptoms)
0.41-0.44 10
0.37-0.40 20
0.33-0.36 30
0.29-0.32 40
0.25-0.28 50
0.21-0.24 60
0.17-0.20 70
0.13-0.16 80
0.09-0.12 90

<0.09 100

Note: * the calculation result of formula 3
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Additionally, several images of leaf samples showing
disease and those without had RGB profile visualized using
the Fiji-ImageJ application. This visualization aimed to
observe the impact of damage due to disease on the ability
of leaf to absorb the red, green, and blue light spectrum.
Healthy plant leaf, containing chlorophyll  for
photosynthesis, actively absorbs more red and blue light
than green light. This resulted in more green light being
reflected by leaf and recorded by the camera sensor
compared to red and blue (Kitchen and Goulding 2001).

Statistical analysis

Descriptive analysis of NDVI data entailed determining
the proportion of each index value category in each image.
The Friedman test assessed differences in disease severity
levels based on DGCI between plots and varieties. A
simple linear regression analysis was conducted to evaluate
the relationship between DGCI and NDVI, while all
statistical analysis were performed using Microsoft Excel
(Microsoft Office Home and Student 2021 version).

RESULTS AND DISCUSSION

Proportion of diseased plants in a crop field

The results of image processing using NDVI showed
that Ciherang in plots 1, 2, and 3 had NDV1 values between
0.11 and 1.00 (total of green area) at proportions of 37.28,
23.93, and 42.50%, respectively. Meanwhile, Ciliwung
showed higher percentages, specifically 46.52 and 64.01%
in plots 1 and 2. Figure 1 also shows that Ciherang had the
highest average percentage of NDVI values between 0.01
to 0.10, and <0.00 in plots 1, 2, and 3. These percentages
were 33.10% (obtained from the average values of 29.67,
32.87, and 36.76, or the average of the red area) and
32.33% (obtained from the average values of 33.05, 43.20,
and 20.74, or the average of brown area), respectively,
showing that the proportion of Ciherang variety falling into
the diseased category (index value 0.01-0.10) was greater
than Ciliwung.

Ground-check of plant samples for estimating disease
severity

This study used NDVI to estimate the proportion of
diseased rice field followed by DGCI to gauge the severity
of disease in individual plants. Based on the ground-check
results, leaf blight, and spot diseases were the dominant
disease in Ciherang and Ciliwung. Differentiating between
the two diseases was challenging as spot symptoms
potentially caused by multiple fungal pathogens, were
almost always found on leaf of the same plant. These
pathogens cause varying degrees of damage based on the
most dominant disease present on leaf, hence, DGCI value
for each diseased leaf differed. Some samples of healthy
and symptomatic leaves of each cultivar (for comparison)
along with the hue (H), saturation (S), brightness (B), and
DGCI are shown in Figures 2 and 3.

When blight disease dominated almost the entire leaf,
DGCI was approximately 0.181 (Figure 4.A), but when the
disease was not yet dominant, DGCI was around 0.279
(Figure 4.B). Similarly, when spot disease dominated
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almost the entire leaf without blight disease, DGCI was
0.434 (Figure 5.A), but in cases where blight and spot
diseases were both present on leaf, DGCl was 0.404
(Figure 5.B). When leaf showed no blight or spot diseases,
DGCI ranged from 0.446 to 0.450 (Figures 6.A and 6.B).
This means that blight had caused more serious damage
than spot disease. A low DGCI value shows damage to
leaf, specifically the chlorophyll part, which became more
severe with leaf color changing from yellow to brown. The
degradation of chlorophyll due to infection by pathogens
causing blight or spot diseases leads to diseased leaf areas
losing the ability to absorb red light. This was reflected in
the red-light graph, compared with non-diseased leaf. When
the variation in DGCI value was translated into a percentage
of disease severity, leaf having blight disease with DGCI of
0.181 and 0.279 corresponded to disease severity of 70 and
50%, respectively. Meanwhile, those manifesting spot
disease with DGCI of 0.404 and 0.434 corresponded to
disease severity of 20 and 10%, respectively (Table 1).
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Figure 1. Comparison of diseased (red label) and healthy (green
label) rice fields in Ciherang and Ciliwung based on NDVI
vegetation index
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Leaf samples (Ciherang variety) H( S(%) B(%) DGCI
78 67.1 28.0 0.450
78 67.0 291 0.446

64 39.5 37.0 0.434

I

66 458 43.0 0.404

62 443 481 0.370

H

58 466 442 0.353

53 471 57.5 0.279

/i

|

39 513 594 0.181

45 634 696 0.140

Figure 2. Rice leaf samples (Ciherang variety) with hue (H), saturation (S), brightness (B), and DGCI values

Leaf samples (Ciliwung variety) H() $S(%) B(%) DGCI
— 78 687 275 0.446
N 0 620 276 0479
D = —————— ] 420 429 0439
———eEE 5 439 431 0410
/_— 58 405 439 0374
. " 58 451 481 0.345
R 55 452 480 0334

— e
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R |

49 434 519 0.288
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Figure 4. Comparison of DGCI and RGB profile graphs of rice leaf image samples with blight disease predominantly across the entire
leaf (A) and blight disease confined to the tip of the leaf (B). Red line = red reflectance, Green line = green reflectance, and Blue line =
blue reflectance
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Figure 5. Comparison of DGCI and RGB graphs of rice leaf image samples with only spot disease (A) and spot disease + slight blight
on the tip of leaf (B). Red line = red reflectance, Green line = green reflectance, and Blue line = blue reflectance
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Figure 6. DGCI and RGB profile graphs of image samples of rice leaf without disease (A and B). Red line = red reflectance, Green line

= green reflectance, and Blue line = blue reflectance
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Figure 7. Relationship between DGCI and NDVI

Table 2 shows that the lowest average disease severity
was observed in Ciliwung in plots 1 and 2, each at 20.00%,
and in Ciherang (plot 3) at 18.33%. Meanwhile, the highest
average disease severity was found in Ciherang plots 1 and
2 at 31.67 and 30.00%, respectively. The Friedman test
results showed no significant difference in average disease
severity between plots of the same or different varieties
(Table 2). This suggested that both rice varieties were
infected by blight and spot disease with relatively the same
level of disease severity. Based on the standard deviation
values, disease infection in Ciherang (plots 2 and 3)

appeared to be relatively more evenly distributed compared
to Ciliwung, as evidenced by a lower standard deviation
value. This observation may also imply that plant
resistance of Ciherang was more consistently uniform than
Ciliwung.

Relationship between DGCI and NDVI

The simple linear regression analysis (Figure 7) showed
a positive relationship between the DGCI and NDVI
values. This suggests a connection between the proportion
of diseased rice field estimated based on NDVI and the
level of disease severity quantified with DGCI. However,
the relationship between the two vegetation indexes had a
relatively low correlation value of 0.362.

Discussion

NDVI serves as a valuable tool for estimating the size
of plant area experiencing health problems. This method
has proven useful for early disease detection and
assessment of plant disease severity (Hasan et al. 2021;
Taufik et al. 2023a,b). However, in this study, it is crucial
to acknowledge the limitations of NDVI in precisely
identifying factors disrupting plant health. This suggests
the need for ground-check activities to validate the causes
of plant health problems and measure disease severity
accurately. Based on the ground-check results, both blight
and spot diseases were dominant in Ciherang and Ciliwung.
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Table 2. Percentage of disease severity based on the average DGCI index of leaves of Ciherang and Ciliwung rice varieties in each

observation subplots

Ciherang Ciliwung
Subplots Plot 1 Plot 2 Plot 3 Plot 1 Plot 2
DGCI DS (%) DGCI DS (%) DGCI DS (%0) DGCI DS (%0) DGCI DS (%)

1 0.396 20 0.348 30 0.376 20 0.345 30 0.505 0

2 0.339 30 0.344 30 0.390 20 0.470 0 0.404 20

3 0.389 20 0.387 20 0.397 20 0.396 20 0.369 20

4 0.244 60 0.317 40 0.358 30 0.414 10 0.358 30

5 0.360 30 0.342 30 0.390 20 0.402 20 0.327 30

6 0.332 30 0.355 30 0.449 0 0.292 40 0.404 20
Averages 31.67 30.00 18.33 20.00 20.00
+SD +14.72 +6.32 +9.83 +14.14 +10.95
Friedman test (p-value) 7.96"

Note: DS: disease severity, ns: not significant, SD: standard of deviation

DGCI in ground-check activities showed that blight
disease relatively had a greater impact on leaf damage
compared to spot, characterized by lower DGCI value. This
disparity was attributed to the different morphology of
symptoms, with blight disease distributed evenly from the
tip to the base of leaf. Meanwhile, spot disease caused
damage unevenly distributed, leaving many healthy areas.

Damaged plant leaf tissue depletes chlorophyll thereby
inhibiting the absorption of sunlight for photosynthesis in
the damaged area. Specifically, in this study, the damaged
leaf area cannot absorb red light based on RGB profile
graph, possibly because chlorophyll a was damaged.
Chlorophyll a absorbs the red-orange light spectrum, while
chlorophyll b mainly absorbs the blue-violet light
spectrum. Damage to chlorophyll a will affect the total
amount of leaf chlorophyll content (Chl a + b) and the ratio
(Chl a/b), thereby disrupting the photosynthesis process (Li
et al. 2018).

Based on NDVI, Ciherang in the field had a greater
proportion of diseased plants compared to Ciliwung.
However, DGCI after a ground-check showed that the
average level of damage was statistically the same.
Ciliwung appeared to have a relatively higher level of
resistance to disease infection compared to Ciherang based
on the high average percentage of severity. Disease
severity in Ciliwung varied compared to Ciherang based on
the high standard deviation value. This suggests the
presence of clusters belonging to Ciliwung with low
disease severity and some even tend to be healthy. As
stated in a previous study, Ciherang is a variety susceptible
to bacterial leaf blight caused by Xoo (Joko et al. 2019),
but is quite resistant to several races of P. oryzae (Fitriah et
al. 2019). Meanwhile, no clear information has been found
regarding the resistance of Ciliwung to these two diseases.

The relatively higher resistance of Ciliwung to disease
infection compared to Ciherang had a positive relationship
with NDVI. This correlation was evident in the result of
image analysis using NDVI, where the proportion of
diseased rice field in Ciliwung was lower than in Ciherang.
A previous study also reported a positive and strong
correlation between DGCI and NDVI (Caturegli et al.
2020). However, in the present study, a relatively low
correlation value was obtained between the two vegetation

indexes. This discrepancy was attributed to the number of
samples used to measure disease severity through DGCI
during ground-check activities, which did not represent
plant population estimated using NDVI.

The challenge of estimating plant population in each
field (plot) due to the scattering system used by farmers
complicates the determination of representative samples.
Furthermore, the lack of clear planting distances and
unknown plant populations hinder the achievement of
accurate estimates. The focus on assessing only blight and
spot diseases is suspected to contribute to low correlation
value, even though rice plants in the field can also be
attacked by several pests such as stem borers and rice leaf
folder pests, or a lack of nutrition. All of these factors are
causes of plant health problems associated with low NDVI
values.

In conclusion, NDVI and DGCI were found to be
valuable methods for determining disease severity in rice or
other plants. The digital image processing method based on
NDVI showed that the proportion of healthy field in
Ciliwung was greater than in Ciherang. Based on DGCI,
Ciliwung had a relatively lower level of disease severity
than Ciherang, although the resistance level was not
statistically different. The image processing results showed
that blight disease caused more severe damage to rice leaf
samples than spot. The increase in DGCI correlated
positively with NDVI but the correlation value was
relatively low. This was presumably because the number of
samples assessed for disease severity using DGCI did not
represent plant population. Therefore, further studies are
recommended to use more plant samples in assessing
disease severity. Future studies should also consider using
DGCI to assess diseases caused by pests or nutritional
disorders in rice plant to provide comprehensive health
assessment results.

ACKNOWLEDGEMENTS

The author is grateful to Prof. Dr. Indriyani Nur from
Universitas Haluoleo, Kendari, Indonesia for the help in
correcting the grammar of this article.



BANDE & HASAN - Disease severity in two rice varieties

REFERENCES

Asibi AE, Chai Q, Coulter JA. 2019. Rice blast: A disease with
implications for global food security. Agronomy 9 (8): 451. DOI:
10.3390/agronomy9080451.

Barnwal MK, Kotasthane A, Magculia N, Mukherjee PK, Savary S,
Sharma AK, Singh HB, Singh US, Sparks AH, Variar M, Zaidi N.
2013. A review on crop losses, epidemiology and disease
management of rice brown spot to identify research priorities and
knowledge gaps. Eur J Plant Pathol 136: 443-457. DOI:
10.1007/s10658-013-0195-6.

Caturegli L, Gaetani M, Volterrani M, Magni S, Minelli A, Baldi A,
Brandani G, Mancini M, Lenzi A, Orlandini S, Lulli F. 2020.
Normalized difference vegetation index versus dark green colour
index to estimate nitrogen status on bermudagrass hybrid and tall
fescue. Intl J Remote Sens 41 (2): 455-470. DOI:
10.1080/01431161.2019.1641762.

Chukwu SC, Rafii MY, Ramlee SI, Ismail SI, Hasan MM, Oladosu YA,
Magaji UG, Akos I, Olalekan KK. 2019. Bacterial leaf blight
resistance in rice: A review of conventional breeding to molecular
approach. Mol Biol Rep 46: 1519-1532. DOI: 10.1007/s11033-019-
04584-2.

Fitriah N, Suharsono, Nugroho S, Suwarno, Miftahudin. 2019.
Introgression of resistance to blast disease from monogenic line
irblta2-re to ciherang rice variety. Sabrao J Breed Genet 51 (4): 419-
429.

Gée C, Denimal E, de Yparraguirre M, Dujourdy L, Voisin A-S. 2023.
Assessment of nitrogen nutrition index of winter wheat canopy from
visible images for a dynamic monitoring of N requirements. Remote
Sens 15 (10): 2510. DOI: 10.3390/rs15102510.

Hasan A, Widodo, Mutagin KH, Taufik M, Hidayat SH. 2021. Single
image-NDVI method for early detection of mosaic symptoms in
Capsicum annuum. Jurnal Fitopatologi Indonesia (JFI) 17 (1): 9-18.
DOI: 10.14692/jfi.17.1.9-18.

Horning. 2012. Public Lab: update on the photo monitoring plugin for
ImageJ/Fiji. [Accessed August 26, 2019].
https://publiclab.org/notes/nedhorning/11-1-2012/update-photo-
monitoring-plugin-imagejfiji.

Joko T, Kristamtini K, Sumarno S, Andriyanto R. 2019. The resistance of
local pigmented rice varieties against bacterial leaf blight. Jurnal
Perlindungan Tanaman Indonesia 23 (2): 205-210. DOI:
10.22146/jpti.46902.

Karcher DE, Richardson MD. 2003. Quantifying turfgrass color using
digital image analysis. Crop Sci 43 (3): 943-951. DOI:
10.2135/cropsci2003.9430.

Kitchen NR, Goulding KWT. 2001. On-farm technologies and practices to
improve nitrogen use efficiency. In: Follett RF, Hatfield JL (eds.).
Nitrogen in the Environment: Sources, Problems and Management.
Elsevier B.V. DOI: 10.1016/B978-044450486-9/50015-7.

Li Y, He N, Hou J, Xu L, Liu C, Zhang J, Wang Q, Zhang X, Wu X.
2018. Factors influencing leaf chlorophyll content in natural forests at
the biome scale. Front Ecol Evol 6: 64. DOL:
10.3389/fev0.2018.00064.

Mau YS, Ndiwa ASS, Oematan SS. 2020. Brown spot disease severity,
yield and yield loss relationships in pigmented upland rice cultivars
from East Nusa Tenggara, Indonesia. Biodiversitas 21 (4): 1625-
1634. DOI: 10.13057/biodiv/d210443.

Mew TW, Gonzales P. 2002. A handbook of rice seedborne fungi.
International Rice Research Institute, Los Bafios, Philippines.

1021

Phadikar S, Goswami J. 2016. Vegetation indices-based segmentation for
automatic classification of brown spot and blast diseases of rice. In:
3rd International Conference on Recent Advances in Information
Technology (RAIT). DOI: 10.1109/RAIT.2016.7507917.

Rhezali A, Rabii M. 2020. Evaluation of a digital camera and a
smartphone application, using the dark green color index, in assessing
maize nitrogen status. Commun Soil Sci Plant Anal 51 (14): 1946-
1959. DOI: 10.1080/00103624.2020.1808013.

Rodrigues GB, Sobrinho GGR, Mituti T, Filho AB, Amorim L, Rezende
JAM, De Novaes QS. 2019. Etiology, occurrence and epidemiology
of a begomovirus disease in passionflower in the southwest of Bahia.
Sci Agric 76 (4): 337-343. DOI: 10.1590/1678-992X-2017-0272.

Rorie RL, Purcell LC, Karcher DE, King CA. 2011. The assessment of
leaf nitrogen in corn from digital images. Crop Sci 51 (5): 2174-2180.
DOI: 10.2135/cropsci2010.12.0699.

Saberioon MM, Amin MSM, Aimrun W, Gholizadeh A, Rahim Anuar
AA. 2013. Assessment of colour indices derived from conventional
digital camera for determining nitrogen status in rice plants. J Food
Agric Environ 11 (2): 655-662.

Sahu PK, Sao R, Choudhary DK, Thada A, Kumar V, Mondal S, Das BK,
Jankuloski L, Sharma D. 2022. Advancement in the breeding,
biotechnological and genomic tools towards development of durable
genetic resistance against the rice blast disease. Plants 11 (18): 2386.
DOI: 10.3390/plants11182386.

Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch
T, Preibisch S, Rueden C, Saalfeld S, Schmid B, Tinevez JY. 2012.
Fiji: an open-source platform for biological-image analysis. Nat
Methods 9: 676-682. DOI: 10.1038/nmeth.2019.

Shekhar S, Sinha D, Kumari A. 2020. An overview of bacterial blight
disease of rice and strategies for its management. Intl J Curr Microbiol
Appl Sci 9 (4): 2250-2265. DOI: 10.20546/ijcmas.2020.904.270.

Sudiarta IP, Giri Prayoga IKC, Maya Temaja IGR, Susanta Wirya GNA,
Shishido M, Hongo C. 2021. The observation of blast disease and its
effect to rice yield using existing assessment method to support the
indonesian agriculture insurance. Jurnal Sosial Ekonomi Pertanian 15
(2): 406-415. DOI: 10.24843/SOCA.2021.v15.i02.p15.

Taufik M, Firihu MZ, Hasan A, Variani VI, Gusnawaty HS, Botek M.
2023a. Vegetation index value on chili leaves with symptoms of
geminivirus disease (case study in Konda District, Konawe Selatan
Regency, Southeast Sulawesi). IOP Conf Ser Earth Environ Sci 1182:
012004. DOI: 10.1088/1755-1315/1182/1/012004.

Taufik M, Hasan A, Hidayat SH, Parawansa AK, Tasrif A. 2023b.
Assessment of virus symptom severity in Capsicum frutescens based
on vegetation index and visual observation in the field. Jurnal
Agrotek Tropika 11 (1): 7-14. DOI: 10.23960/jat.v11i1.6063.
[Indonesian]

Tsokos C, Wooten R. 2016. Basic statistics. In: Tsokos C, Wooten R
(eds.). The Joy of Finite Mathematics: 265-327. Elsevier, Amsterdam.
DOI: 10.1016/B978-0-12-802967-1.00008-5.

Zhang D, Zhou X, Zhang J, Lan Y, Xu C, Liang D. 2018. Detection of
rice sheath blight using an unmanned aerial system with high-
resolution color and multispectral imaging. PLoS One 13 (5):
€0187470. DOI: 10.1371/journal.pone.0187470.

Zheng Q, Huang W, Xia Q, Dong Y, Ye H, Jiang H, Chen S, Huang S.
2023. Remote sensing monitoring of rice diseases and pests from
different data sources: A review. Agronomy 13 (7): 1851. DOI:
10.3390/agronomy13071851.



