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Abstract Nitrogen (N) is one of the most essential nutrients for rice crops. Farmers generally provide Nitrogen 
requirements in rice through fertilization, but the fertilization process is only based on an estimation without 
calculating the amount needed first. However, neither insufficient nor excessive nitrogen content is good for 
rice crops, and the nitrogen needs of rice crops are different at each growth stage. The nitrogen requirement in 
the generative phase is relatively high because the process of panicle formation and grain filling occurs at this 
stage. Several methods can be used to monitor nitrogen content in rice, one of which is using remote sensing 
methods. With the vegetation index approach, the nitrogen content of rice plants is estimated through data 
analysis of the light spectrum reflected by the leaf. Sentinel-2 satellite imagery was used in this research, and 
several vegetation indexes such as OSAVI, GNDVI, and SRRE were applied to form an estimation model using 
the regression method. From the results, three vegetation indexes positively correlate with nitrogen content 
in rice crops. The SRRE index gives the highest correlation coefficient value of 0.692, while the correlation 
coefficient value for GNDVI is 0.498, and OSAVI is only 0.470. The estimation map of the nitrogen content 
of rice crops was obtained based on the estimation model made by linear regression between SPAD-based 
nitrogen content data and the best vegetation index using the SRRE index. The analysis shows that the nitrogen 
content of rice plants estimated in the paddy fields of Karangjati Subdistrict is dominated by nitrogen values 
with optimum classification.
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1.  Introduction 
Rice is an essential staple food in many countries, especially 

Indonesia. The annual per capita consumption of rice-based 
food products exhibited a marginal decline from 94.473 kg in 
2019 to 93.791 kg in 2023 (Secretariate General - Ministry of 
Agriculture Republic of Indonesia, 2023). But, the The food 
demand in Indonesia will continue to grow as the population 
increases  and will reach the top three rice consumers countries 
in the world, as indicated by FAO (OECD-FAO, 2023). This is 
certainly a challenge for food suppliers. Based on data from the 
Central Bureau of Statistics of Ngawi Regency, East Java is the 
largest rice-producing province of all provinces in Indonesia 
in 2021, where Ngawi Regency is one of the main contributors. 
From January to December 2021, Ngawi Regency can produce 
818,620.31 tons of milled dry grain(BPS Jawa Timur, 2022). 
Because of this potential, it is important to maintain the stability 
of rice production. One way to maintain the stability of rice 
production is to ensure that sufficient nutrients are provided 
to the rice during the growth phase. Because of this potential, 
rice self-sufficiency in Indonesia has been a longstanding 
goal, with various studies focusing on factors influencing this 
objective. Pratiwi (Pratiwi, 2022) highlights that achieving rice 
self-sufficiency in Indonesia by 2024 or 2025 with a production 
target of 40 million tons (in Indonesia level) is feasible through 
adjustments in extensification, intensification, and per capita 

consumption of rice per year. This aligns with the findings of 
Fathonah & Mashilal (Isnaeni Fathonah & Mashilal, 2021) 
who emphasize the importance of factors like land area, labor, 
and capital in reflecting rice self-sufficiency in Indonesia. 
Moreover, the study by Warr & Yusuf (Warr & Yusuf, 2014) 
underscores the historical use of agricultural input subsidies, 
particularly on fertilizer, to boost agricultural production 
and work towards rice self-sufficiency. One intensification 
approach is to ensure Nitrogen(N) has been highlighted as a 
major nutrient contributing to rice production, emphasizing 
its significance in achieving desirable yields.

Nitrogen (N) is one of the most essential nutrients for 
rice crops. Nitrogen promotes growth, grain formation, grain 
filling, improving grain yield and quality, increasing leaf 
area, and protein synthesis (Patti et al., 2018) . In general, the 
nitrogen needs of rice are met by fertilization applied by the 
farmers. However, the fertilization process is only on the basis 
of estimation, without any calculation of the needs before. 
In fact, it is important to ensure that the amount of nitrogen 
applied matches the needs of the rice. This is because excess 
or deficiency of nitrogen is not suitable for rice (Lathifah & 
Sukojo, 2014; Patti et al., 2018; Peng et al., 1993; Shrestha et 
al., 2022a; Yadav et al., 2022; Zhang et al., 2020a; Zheng et al., 
2022).
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Nitrogen requirements of rice crops vary at different 

growth stages. During the generative phase, nitrogen 
requirements are relatively high because of the process of panicle 
formation and grain filling. According to Bhupenchandra et 
al.  (Bhupenchandra et al., 2020) , sufficient nitrogen in the 
generative phasis is also important in delaying leaf senescence 
and maintaining photosynthesis during grain filling.

Several methods can be used to measure nitrogen content, 
including the Kjeldahl method(Kjeldahl, 1883) and the Soil 
Plant Analysis Development Meter (SPAD) measurements. 
The Kjeldahl method is accurate for calculating nitrogen 
content based on laboratory analysis using biological samples, 
but it is tiring, time-consuming, and destructive. Another 
method of determining nitrogen status is by SPAD. SPAD 
is a measurement of chlorophyll content, which is highly 
correlated with leaf nitrogen content. This method is non-
destructive but still time-consuming because SPAD measures 
only one leaf at a time (Peng et al., 1993; Rhezali & Aissaoui, 
2021; Saberioon & Gholizadeh, 2016; Sharifi, 2020; Singh et 
al., 2022; Vishwakarma et al., 2023; L. Wang et al., 2021; Zheng 
et al., 2022).

To estimate nitrogen content, remote sensing technology 
is now being developed. With the vegetation index approach, 
the nitrogen content of rice crops is estimated by data analysis 
of the light spectrum reflected by the leaf. A spectral index is 
usually used for multispectral/hyperspectral remote sensing 
data, which is constructed by the selection of appropriate 
bands in the red and near-infrared (NIR) regions (Zheng et 
al., 2022). The red and NIR bands are commonly used for crop 
monitoring due to the strong absorption in the red band and 
the high reflectance in the near-infrared (NIR) band (Sun et 
al., 2022). Several vegetation index algorithms can be used 
in nitrogen analysis, including the Optimized Soil Adjusted 
Vegetation Index (OSAVI) (Lathifah & Sukojo, 2014), Green 
Normalized Difference Vegetation Index (GNDVI)(Saberioon 

& Gholizadeh, 2016), and Red Edge Simple Ratio (SRRE)
(Sharifi, 2020). (Saberioon & Gholizadeh, 2016) Sukojo 
(Lathifah & Sukojo, 2014) to 

Lathifah & Sukojo (2014) utilized OSAVI indice as 
a valuable tool in assessing nitrogen levels in vegetation, 
particularly in crops like rice. The utilization of hyperspectral 
technology with hundreds of channels allows for a detailed 
spectral analysis of objects under observation, enabling the 
detection and monitoring of nitrogen levels in vegetation. 
This study reported that the indice  and field nitrogen has a  
correlation(R2) result of 0.776. The study by Sharifi (2020) 
demonstrates the effectiveness of the Spectral Ratio Red Edge 
(SRRE) vegetation index in predicting nitrogen uptake in maize 
crops in Iran using Sentinel-2 data. The research shows that 
SRRE outperformed other vegetation indices with an R-squared 
value of 0.91 and a Root Mean Squared Error (RMSE) of 11. 
Saberioon & Gholizadeh (2016) proposed as an alternative that 
can potentially provide more accurate information, especially 
in areas with dense vegetation or when dealing with specific 
types of crops like paddy fields. The experimental validation 
of this approach was conducted on the farmland of Universiti 
Putra Malaysia. The results demonstrated a standard error and 
coefficient of variation (CV) of 0.015 and 7.10%, respectively.  
In agricultural research, the nitrogen content in leaf differing 
across crop phases signifies a crucial aspect due to nitrogen’s 
vital role in plant growth and development. During vegetative 
phase, plants absorb nitrogen through their roots and 
utilize it for constructing their cellular structures. During 
the generative phase, N stored in the vegetative parts of the 
plant is relocated to the developing grain(Hirel et al., 2007). 
However, even though some of the nitrogen is moved, there 
is still a certain amount of nitrogen that remains in the leaf. 
Therefore, nitrogen can still be detected in the leaf during this 
phase(Tegeder & Masclaux‐Daubresse, 2018).

Figure 1. Study Area
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Based on the description above, this study estimates the 

nitrogen content of rice crops, especially in the generative 
phase, using several vegetation index algorithms. The data 
used are Sentinel-2 and MODIS satellite images. Sentinel-2 
was chosen because the visible light spectrum and red edge 
are closely related to chlorophyll and nitrogen content in 
plants. Meanwhile, MODIS, which is a satellite image with 
high temporal resolution, can be used to determine the phase 
of rice crops. The research results are expected to support 
precision agriculture efforts to increase rice production.

2.  Methods
Study Areas

The research was conducted at a rice field area in Karangjati 
district, Ngawi Regency, East Java. Karangjati district has an 
area of 6,676 ha, whereas about 40 percent, or about 2,683.90 
ha, are paddy fields.

Data and Equipment
The data used for this study is the Sentinel-2 Level-2A 

surface reflectance satellite image, which was acquired on 
January 13, 2023. Sentinel-2 is a moderate-resolution satellite 
image with 13 spectral bands, 290 km coverage, and high 
temporal resolution; with these capabilities, the Sentinel-2 
instrument can support various studies(ESA, 2015; Gascon et 
al., 2014) . Sentinel-2 images are used to calculate the nitrogen 
content of rice crops. The next image data required is MODIS 
MCD43A4 - MODIS/Terra + Aqua Nadir BRDF satellite 
image data with an acquisition period from January 2022 to 
May 2023. MODIS MCD43A4 -MODIS/Terra + Aqua Nadir 
BRDF is a satellite image with daily temporal and 500-meter 
spatial resolutions. MODIS images were corrected for nadir 
and atmosphere  (Schaaf et al., 2002). In this study, MODIS 
images were used to determine the threshold of the growth 
stage of rice crops. In addition, vector data of paddy fields 
from the Geospatial Information Agency (BIG) were used to 
delimit the study area, and SPAD reading data were used to 
estimate rice nitrogen in the field.

The equipment used in the study consists of a SPAD502Plus 
to estimate the nitrogen content of rice in the fields and a GPS 
to determine the position of the samples. Other tools include 
Google Earth Engine for processing satellite image data, 
ArcMap for spatial data processing and map visualization, and 
Minitab for statistical data analysis.

Field Data Collecting
Estimates of the nitrogen content of rice in the field 

were obtained by measurements using the Konica Minolta 
SPAD-502Plus Soil Plant Analysis Development (SPAD). 
SPAD can be used to determine the nitrogen status of plants 
in the field because it measures chlorophyll content, which 
is highly correlated with leaf nitrogen content (Y.-P. Wang 
et al., 2022). The SPAD measurements provide a direct and 
localized assessment of chlorophyll content in individual leaf 
(Uddling et al., 2007). On the other hand, remote sensing data 
offers a broader, area-based estimate of chlorophyll content by 
capturing light reflectance from the surface, providing a more 
comprehensive view of vegetation status (Lu & He, 2021). To 
bridge the gap, following Coste (Coste et al., 2010) and the 
manual book of SPAD, in this research, SPAD measurements 
were conducted at 30 randomly selected observation points in 
the study area. At each measurement point, a rice clump with 
five leaves was selected and each leaf was read three times. The 

sampling points of the leaf parts used for measurements are 
located at the paddy leaves’ top, middle, and base. Furthermore, 
the value obtained from each reading at each point is taken as 
an average. The coordinates of each observation point are also 
measured.

Based on research by Peng et al. (Peng et al., 1993), a 
relationship was found between SPAD values and nitrogen 
content at each growth stage. A regression equation can be 
used to calculate nitrogen content based on the predicted dry 
weight, as shown in Equation 1. In this equation, N represents 
nitrogen content (g/kg), and SPAD represents the SPAD 
reading.
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The generative phase threshold is obtained by extracting 
NDVI and NDWI spectral indexes using several sample points 
distributed over the study area. The results of this spectral 
index extraction are used to generate a time series plot for the 
period January 2022 to May 2023. NDVI and NDWI spectral 
index calculations were also performed on Sentinel-2 satellite 
image data. The results of the NDVI and NDWI spectral index 
calculations are then masked using the threshold obtained 
from the calculation on the MODIS image. This process 
produces satellite images in the generative phase.
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The satellite images in the generative phase will be used 

to calculate the estimation of the nitrogen content using three 
vegetation indexes, which are the Optimized Soil Adjusted 
Vegetation Index (OSAVI), Green Normalized Difference 
Vegetation Index (GNDVI), and Red Edge Simple Ratio 
(SRRE). 

OSAVI was developed by Rondeaux et al. in 1996 using 
reflections in the near-infrared (NIR) and red channels with 
optimized ground adjustment coefficients(Rondeaux et al., 
1996). OSAVI can be expressed by the equation 4.
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................ (4) 

Where: 

 = Near-infrared band reflectance 

 = Red channel band reflectance 

GNDVI was developed from the Normalized Difference Vegetation Index (NDVI). It is more 

sensitive to chlorophyll concentration than NDVI (Gitelson et al., 1996). GNDVI can be 
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In addition, the regression analysis is used to model the 
nitrogen content estimation based on the remote sensing data. 
The input for the regression analysis are the pixel values of the 
vegetation index from the processing of the Sentinel-2 satellite 
image.

D. Mapping Estimation of Nitrogen Content of Rice 
Crops
The estimate maps of the nitrogen content of rice plants 

were made based on the best regression model. The selection 
of the best regression model is based on the highest coefficient 
of determination and the lowest RMSE.

3.  Result and Discussion 
Rice Crop Phase Identification

Nitrogen content estimation was conducted in the 
generative phase of rice crops. The generative phase was 
determined based on the threshold value of NDVI and NDWI 
spectral index. Satellite image data used is MODIS image from 
January 2022 to May 2023. In the rice fields of Karangjati 
district, five random sample points were selected and used to 
create a time series graph of NDVI and NDWI changes.

The NDVI will reach a maximum value in the generative 
phase before decreasing. This decrease occurs because 
chlorophyll begins to decrease, causing the NDVI graph to 

Figure 2. NDVI (a) and NDWI (b) time series MODIS January 2022-May 2023
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decrease. Based on the graph in Figure 2, there is a decrease 
in NDVI values in June 2022, October 2022, and January 
2023, indicating that the generative phase is in those months. 
Considering the range of values of both indexes and the graphs 
formed in Figures 2(a) and 2(b), the threshold of the generative 
phase can be determined when NDVI > 0.7 and NDWI < -0.4.

Sentinel-2 Satellite Image in the Generative Phase
The threshold masking process produces images in the 

generative phase shown in Figure 3.
Based on statistical calculations, the total area of rice fields 

in Karangjati district is 2881.66 ha, and that in the generative 
phase is 2474.2 ha. Then, using the images from the generation 
phase, the estimated nitrogen level was calculated using three 
vegetation indexes: OSAVI, GNDVI, and SRRE.

Analysis of the Relationship Between Several Vegetation 
Indexes and Nitrogen Content

Correlation and regression analysis determined the 
relationship between several vegetation indexes and nitrogen 

content. Correlation analysis is a method used to determine 
the relationship pattern and strength between two variables 
expressed by the correlation coefficient. Correlation can be 
considered unidirectional if the correlation coefficient value 
is positive; otherwise, it is called bidirectional correlation 
if the coefficient value is negative. The correlation between 
vegetation index and nitrogen content results gives r and 
R2 values. The interpretation of the correlation coefficient is 
determined according to the guidelines in Table 1.

Furthermore, regression analysis was used to model the 
nitrogen content estimation of rice crops using remote sensing 
data. The input for the regression analysis is the vegetation 
index value that was processed using a Sentinel-2 satellite 
image. The map of the estimated nitrogen content of rice 
crops was created based on the best regression model of each 
vegetation index used. The correlation results of vegetation 
index and nitrogen content are shown in Figure 4(a), Figure 
4(b), and Figure 4(c).

The results can be summarized in Table 2 below based on 
the correlation and regression calculation data.

Figure 3. Rice Field in Generative Phase

Table 1. Correlation Coefficient Interpretation Guidelines (Evans, 1996)
Correlation Coefficient (r) Strength of Correlation

0.0 – 0.19 Very weak correlation
0.2 – 0.39 Weak correlation
0.4 – 0.59 Moderate correlation
0.6 – 0.79 Strong correlation
0.8 – 1.00 Very strong correlation
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The correlation analysis results showed a positive 
correlation between the three vegetation index and nitrogen 
content in rice crops. However, each vegetation index’s 
determination coefficient (R2) was relatively low. Several 
factors may cause this low R2 value. One factor is the size of 
the coverage area of the Sentinel-2 satellite image, which is 10 
x 10 meters in each pixel, thus, it is possible that some pixels 
do not fully represent rice crops in the field. Another factor 
is the time difference between the field measurements and 
the satellite image acquisition. The field measurements were 
conducted on February 3-5, 2023, while the Sentinel-2 satellite 
image acquisition was on January 13, 2023. This significant 
difference in measurement time may cause differences in the 
SPAD reading data on rice crops. The difference affects the 
value of the resulting determination coefficient(Sukmono et 
al., 2012). In addition, data collected on nitrogen estimation 
of rice crops in the field using SPAD instruments tends to 
produce variable data (arbitrary factor) compared to laboratory 
measurements (Darmawan et al., 2011). Several things, such as 
lighting conditions and measurement position, can influence 
this factor.

Not all regression results were used to model the nitrogen 
content estimation of rice crops, but the best vegetation index 
with the highest performance (highest R2 and lowest RMSE) 
was selected. The results of the SRRE vegetation index have the 
highest R2 value and the lowest RMSE when compared with 
other vegetation indexes (R2=0.479, RMSE= 2.0163). It states 
that SRRE can explain 47.9% of nitrogen content variability 
with a strong relationship strength (r values = 0.692). The 
OSAVI and GNDVI indexes can explain 24.8% and 22.1%, 
respectively. These values fall into the moderate correlation 
category.

The SRRE index provides the best performance because of 
its use of the red edge band, which is sensitive to chlorophyll 
concentration. In general, nitrogen content is correlated with 
chlorophyll concentration. Chlorophyll accumulation and 

chloroplast construction are affected by nitrogen, which is 
one of the main structural elements of chlorophyll and protein 
molecules. The results of previous studies also show that the 
SRRE vegetation index has the highest performance compared 
to other vegetation indexes for estimating the nitrogen uptake 
of maize crops (Sharifi, 2020).

T-Test
After the correlation analysis, the significance test, or 

T-test, is carried out. T-test is a statistical calculation used to 
determine whether the independent variables partially affect 
or not the dependent variable(Lailatus Sa’adah, 2021). The 
following are the results of the T-test with a confidence level of 
95% or a significant level of 5% (α = 0.05).

Hypothesis:
H0: There is no relationship between vegetation index and 
nitrogen content.
H1: There is a relationship between vegetation index and 
nitrogen content.

Test criteria:
If t count ≤ t table, then H0 is accepted, or H1 is rejected.
If t> t table, H0 is rejected, or H1 is accepted.

From the results of T-test in Table 3, it can be seen that 
the value of t count > t-table, so H0 is rejected, which means 
that the relationship between vegetation index and nitrogen 
content is significant.

Estimation of Nitrogen Content of Rice Crops
The final result obtained from the process of this research 

is a map of the estimated nitrogen content of rice crops in the 
rice fields of Karangjati district. In this research, SRRE was 

  
Figure 4. Correlation of OSAVI (a) GNDVI (b) and SRRE (c) Index with Nitrogen Content

Table 2. Results of the Correlation and Regression Analysis Between Vegetation Index and Nitrogen Content

Parameters 
(X)

Regression Model Determination Coefficient 
(R²)

Correlation Coefficient 
(r)

OSAVI y = 36.13 x + 9,438 0.221 0.470
GNDVI y = 34.36 x + 3,428 0.248 0.498

SRRE y = 35.09 x - 17,86 0.479 0.692

Table 3. T-Test Result
Parameters (X) The value of t count The value of t table P-value

OSAVI 2.82 2.04841 0.009
GNDVI 3.04 2.04841 0.005

SRRE 5.07 2.04841 0.000
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chosen as the best vegetation index for mapping nitrogen 
content estimation, the regression equation is as follows.

Where:
y = Estimated nitrogen content of rice crop (g/kg)
x = SRRE vegetation index

Map for the estimation of the nitrogen content of the 
rice crop is shown in Figure 5(a), and the classification of the 
nitrogen content is shown in Figure 5(b).

Nitrogen content in rice leaf is classified as optimum when 
the value is in the range of 2.2-3.0% or 22-30 g/kg (Herdiyanti 
et al., 2016). Based on the classification map in Figure 10, it 
can be seen that the research site is dominated by nitrogen 
content in the optimum classification (22-30 g/kg) with an 
area of 1973.67 ha. Furthermore, the area obtained for the low 
classification (<22 g/kg) is 29.34 ha, and the high classification 
(>30 g/kg) is 471.19 ha.

Excessive nitrogen content can cause a decrease in rice 
quality and attract insects and diseases in rice plants (Zhang et 
al., 2020, Shrestha et al., 2022). To obtain the optimum result, 
the correct fertilizer dose is needed. Agricultural Research and 
Development Center (2020) has made calculations of N, P, and 
K fertilizer doses. Nitrogen fertilization recommendations are 
based on the level of land productivity. At low productivity 
levels (<5 tons/ha) 200 kg/ha of urea is required. At the medium 
productivity level (5-6 tons/ha), urea 250-300 kg/ha is required. 
Meanwhile, at high productivity levels (> 6 tons/ha), urea 
300-400 kg/ha is required. Applying fertilizer in accordance 
with the needs of plants can encourage increased agricultural 
production, which directly impacts food availability.

Limitation and Potential Research Improvement
This study has the potential to utilize remote sensing data 

through the Spectral Reflectance Ratio to Nitrogen (SRRE to 
N) model for estimating nitrogen levels in rice leaf without 
direct contact with the plant. However, the accuracy of the 
model may be influenced by the quality of SPAD data, which 
is dependent on factors such as data measurement techniques 
and environmental conditions, including sunlight exposure. 
To enhance the research, several improvements are suggested: 
1) increasing the number of SPAD-based nitrogen content 
data points for cross-validation to ensure the robustness 
and reliability of the estimation model, 2) exploring the 
development of new or enhanced vegetation indices that 
could establish stronger correlations with nitrogen content, 3) 
experimenting with various regression models, including non-
linear models or machine learning algorithms, 4) conducting 
longitudinal studies to monitor changes in nitrogen content 
over time to understand the dynamics of nitrogen uptake and 
its relationship with crop growth stages, and 5) replicating the 
research for different crop plants.

4.  Conclusion 
Based on the results, it is known that all three vegetation 

indexes have a positive correlation with nitrogen content. The 
SRRE index had the highest correlation coefficient of 0.692, 
while the correlation coefficient for GNDVI was 0.498, and 
OSAVI was only 0.470. The estimated map of the nitrogen 
content of rice crops is obtained based on the estimation 
model made from linear regression between SPAD-based 
nitrogen content data and the best vegetation index using the 
Red Edge Simple Ratio (SRRE) index. The regression equation 
is as follows.

             
Figure 5. Map for estimation of nitrogen content (a) and classification of nitrogen content (b)

The areas of each classification are shown in Table 4.

Table 4. Areas Based on Classification
Classification Range of Nitrogen Values (g/kg) Area (ha)

Low < 22 29.34
Optimum 22 - 30 1973.67

High > 30 471.19
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SPAD data, which is dependent on factors such as data measurement techniques and 

environmental conditions, including sunlight exposure. To enhance the research, several 

improvements are suggested: 1) increasing the number of SPAD-based nitrogen content data 

points for cross-validation to ensure the robustness and reliability of the estimation model, 2) 

exploring the development of new or enhanced vegetation indices that could establish stronger 

correlations with nitrogen content, 3) experimenting with various regression models, including 

non-linear models or machine learning algorithms, 4) conducting longitudinal studies to 

monitor changes in nitrogen content over time to understand the dynamics of nitrogen uptake 

and its relationship with crop growth stages, and 5) replicating the research for different crop 

plants. 

4. Conclusion  

Based on the results, it is known that all three vegetation indexes have a positive correlation 

with nitrogen content. The SRRE index had the highest correlation coefficient of 0.692, while 

the correlation coefficient for GNDVI was 0.498, and OSAVI was only 0.470. The estimated 

map of the nitrogen content of rice crops is obtained based on the estimation model made from 

linear regression between SPAD-based nitrogen content data and the best vegetation index 

using the Red Edge Simple Ratio (SRRE) index. The regression equation is as follows. 
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required. Meanwhile, at high productivity levels (> 6 tons/ha), urea 300-400 kg/ha is required. 

Applying fertilizer in accordance with the needs of plants can encourage increased agricultural 

production, which directly impacts food availability. 

Limitation and Potential Research Improvement 

This study has the potential to utilize remote sensing data through the Spectral Reflectance 

Ratio to Nitrogen (SRRE to N) model for estimating nitrogen levels in rice leaf without direct 

contact with the plant. However, the accuracy of the model may be influenced by the quality of 

SPAD data, which is dependent on factors such as data measurement techniques and 

environmental conditions, including sunlight exposure. To enhance the research, several 

improvements are suggested: 1) increasing the number of SPAD-based nitrogen content data 

points for cross-validation to ensure the robustness and reliability of the estimation model, 2) 

exploring the development of new or enhanced vegetation indices that could establish stronger 

correlations with nitrogen content, 3) experimenting with various regression models, including 

non-linear models or machine learning algorithms, 4) conducting longitudinal studies to 

monitor changes in nitrogen content over time to understand the dynamics of nitrogen uptake 

and its relationship with crop growth stages, and 5) replicating the research for different crop 

plants. 

4. Conclusion  

Based on the results, it is known that all three vegetation indexes have a positive correlation 

with nitrogen content. The SRRE index had the highest correlation coefficient of 0.692, while 

the correlation coefficient for GNDVI was 0.498, and OSAVI was only 0.470. The estimated 

map of the nitrogen content of rice crops is obtained based on the estimation model made from 

linear regression between SPAD-based nitrogen content data and the best vegetation index 

using the Red Edge Simple Ratio (SRRE) index. The regression equation is as follows. 

 is the SRRE index value. The estimated nitrogen 
content of rice plants in rice fields of Karangjati District is 
dominated by nitrogen values with an optimum, low, and high 
classification with an area of 1973.67 ha,  29.34 ha, and 471.19 
ha, respectively.
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