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ABSTRAK 
Produksi padi rata-rata di Indonesia telah menurun sebesar -6,83% dalam lima tahun terakhir 

(2015-2019), dan salinitas merupakan faktor utama penyebab masalah ini dengan dampak 

sebesar 42% dibandingkan dengan perubahan iklim (21%) dan kekeringan (9%). Salinitas akan 

menghambat ketersediaan makronutrien dalam biomassa padi, yang harus dideteksi dengan cepat 

untuk menghindari kegagalan panen. Penelitian ini bertujuan untuk memperoleh persamaan 

rumus untuk memperkirakan kandungan makronutrien dalam biomassa padi akibat salinitas 

secara cepat. Persamaan rumus tersebut dibentuk berdasarkan algoritma yang dihasilkan dari 

transformasi indeks SR, NGRDI, NDVI, TNDVI, dan GNDVI dari UAV multispektral serta 

kandungan nitrogen (N), fosfor (P), dan kalium (K) dalam biomassa padi di tanah salin (%). 

Ketika jarak sumber salinitas semakin dekat, kandungan makronutrien menurun, dan nilai indeks 

transformasi meningkat. Indeks SR adalah indeks yang paling sensitif terhadap kandungan 

makronutrien, ditunjukkan oleh nilai korelasi tertinggi dibandingkan dengan indeks lainnya. 

Rumus untuk memprediksi kandungan makronutrien adalah N: -0.04149 (SR) + 1.38314, P: -

0.07243 (SR) + 0.61766, dan K: -0.7059 (SR) + 5.3279. Tidak ada perbedaan antara hasil 

perkiraan dan kandungan makronutrien dari analisis laboratorium.. 

 
Kata Kunci: 

Salinitas;  

Kekurangan 

makronutrien;  

Padi; 

Biomassa; 

UAV 
 

 

 

Keywords: 

Salinity;  

Macronutrients 

deficiency;  

Paddy; 

Biomass; 

UAV 

 

ABSTRACT 

The average paddy production in Indonesia has decreased by -6,83% in the last five 

years (2015-2019), and salinity is the main factor causing the problem with an effect 

of 42% compared to climate change (21%) and drought (9%). Salinity will inhibit the 

availability of macronutrients in rice biomass, which must be detected quickly to avoid 

crop failure. This study aimed to obtain a formula equation to quickly estimate the 

macronutrient content in paddy biomass due to salinity. The formula equation was 

formed based on an algorithm resulting from the transformation of the SR, NGRDI, 

NDVI, TNDVI, and GNDVI index from the multispectral UAV and Nitrogen (N), 

Phosphorus (P), and Potassium (K) content in paddy biomass in saline soil. When the 

salinity source's distance gets closer, the macronutrient content decreases, and the 

transformation index value increases. The SR index is the most sensitive index to 

macronutrient content, indicated by the highest correlation value compared to other 

indices. Formula to predict macronutrient content was N: -0.04149 (SR) + 1.38314, 

P: -0.07243 (SR) + 0.61766, and K: -0.7059 (SR) + 5.3279. There was no difference 

between the estimation results and the macronutrient content from the laboratory 

analysis. 
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INTRODUCTIONS 

Paddy is a superior food commodity for human life that has the highest contribution in 

providing carbohydrates. Indonesia ranks 3rd among the ten largest paddy producers 

globally after China and India, with 36.5 million tons (USDA, 2020b).   However, estimates 

that paddy production in 2020 decreased by 0.6% from 2019 (USDA, 2020a). Based on data 

from 2014 to 2018, respectively, Jabon district has decreased in paddy production by 6.83% 

(Badan Pusat Statistik, 2020). Production instability occurs due to several factors. One of 

them is crops that grow on marginal soil, it has the characteristic of decreasing fertility rate, 

which impacts agricultural soil that does not function properly in the period of sooner or 

later (Kozak & Pudełko, 2021). The soil's salinity becomes one of the marginal soil cases in 

the Jabon District, Sidoarjo Regency, East Java, where paddy fields' location is close to the 

ponds.  

The research showed that paddy production in moderate salinity areas was 17% lower 

than yields in low salinity areas and paddy production in high salinity areas is 42% lower 

than yields in low salinity areas (Dam et al., 2019). If compared to other causes of production 

decline such as climate change and drought, salinity is the most severe in affecting. Based 

on research in Indramayu Regency, West Java from Perdinan et al. (2018), climate change 

impacts the reduction of paddy production by 21% to 40%. Other causes of paddy production 

decline are drought based on research from Iswari et al. (2017) in Demak Regency, Central 

Java, where drought can reduce paddy production by 0.629% in 2013, 8.121% in 2014, and 

9.173% in 2015.  

The presumption of crop conditions due to salinity needs to be done by analyzing 

macronutrients N, P, and K in crops and soil. The analysis was carried out by remote sensing. 

This technology is often applied by processing satellite imagery with a wide coverage area 

to suspect nutrient content, but the analysis results are less detailed. An alternative 

technology used is the Unmanned Aerial Vehicle (UAV).  

Previous research from utilizing electromagnetic induction (EMI) equipment and a 

hyperspectral camera installed on a UAV platform to estimate field-scale soil salinity (Hu et 

al., 2019). It is a useful tool for field-scale soil salinity monitoring and mapping. The 

difference with this research is at the platform, and there is utilizing the portable camera for 

near-infrared wave. It is more applicable for entry-level UAVs. This research uses RGB 

cameras (red, green, blue) and OCN cameras (orange, cyan, near-infrared) as portable 

cameras for vegetation index transformation materials to get more detailed, real-time, and 

fast aerial photographs.for materials in vegetation index transformation in order to get more 

detailed, real-time, and fast aerial photographs.  

Aerial photo application can be used to calculate the macronutrients of crops and soil 

in paddy fields. Unfortunately, there has been no research on the saline soil mapping to 

macronutrients of soil and paddy crops at a detailed scale in Jabon District. Therefore, the 

application of precision agriculture as modern technology is necessary to overcome this 

problem by using UAV to assume salinity and its impact on paddy crop production. This 

UAV can also be an accurate and quick offer of technology in Jabon District, Sidoarjo 

Regency, East Java.  

 

MATERIALS AND METHODS 

This research was conducted in paddy fields of Jabon District, Sidoarjo Regency, East 

Java, Indonesia (112° 70' 36.17 - 112° 87'33.13 E and 7° 49 40.01 - 7° 57' 83.45 S). The area 

is a coastal lowland dominated by fluvio-marine and alluvial materials (Marsoedi et al., 

1997), with soil types including Typic Endoaquepts, Typic Fluvaquents, Typic Hydraquents, 
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and Typic Endoaquents (Soil Survey Staff, 2014). Figure 1 shows the distribution of research 

observation points across the paddy fields in Jabon District, Sidoarjo Regency, which served 

as the study area (Figure 1). 

 

 
Figure 1. Distribution of research observation point 

 

The total paddy field area is 1,883.86 ha (23.05% of the district), consisting of alluvial 

plains in the west (2,417.01 ha; 29.6%) and tidal plains in the east (5,756.34 ha; 70.4%). 

Salinity characteristics of the soil are influenced by its proximity to coastal ponds and salt 

deposits. Measurements indicated by an electrical conductivity (EC) of 9.6 dS m⁻¹ and 

exchangeable sodium (Na⁺) of 1.8 cmol kg⁻¹. Elevated salinity reduces soil fertility by 

impairing the availability of essential macronutrients such as nitrogen (N), phosphorus (P), 

and potassium (K),  primarily through ionic competition and osmotic stress. Two transects 

were established, approximately 4 km and 3.4 km in length, each with ten observation points 

spaced 104–817 m apart based on a free grid method (Rayes, 2007). Observation points 

extended from fields closest to those farthest from saline influence (10.65 km).  

Field observations were supported by aerial photography using a UAV DJI Phantom 

4 Advanced equipped with a 20-megapixel camera (5472 × 3078 resolution) and a flight 

range of 3.5 km at an altitude of 100 m and maximum speed of 10 m s⁻¹. Observation points 

were pre-determined in ArcGIS 10.3, adjusted with field verification and landowner 

permission, and selected based on the vegetative phase of paddy crops. Flight paths were 

created in Mission Planner software before image acquisition, following each transect 

layout.  

Soil and crop sampling were conducted simultaneously with UAV imaging to ensure 

data accuracy. Equipment such as shovels, plastic bags, and labels were prepared 

beforehand. Composite soil samples were collected at 0–20 cm depth for laboratory analysis 
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of salinity and macronutrients, while crop samples were collected for nutrient (N, P, K) and 

chlorophyll analysis during the vegetative stage. Chlorophyll levels in paddy leaves were 

measured directly in the field using a SPAD chlorophyll meter.  

Laboratory analyses included soil N (Bremner & Mulvaney, 1982), P (Bray & Kurtz, 

1945), and K (Zakiyah et al., 2019). Salinity parameters (Na⁺, K⁺, Mg²⁺, Ca²⁺) were used to 

calculate Exchangeable Sodium Percentage (ESP) (Gupta, 2019; Kim et al., 2016) and 

Sodium Adsorption Ratio (SAR) (Kim et al., 2016b; Robbins, 1984), supported by pH 

(Sarani et al., 2016) and EC (Rhoades et al., 1989) measurements: 

𝐸𝑆𝑃 =
𝑁𝑎+

𝐶𝑎2+ + 𝑀𝑔2+ + 𝐾+ + 𝑁𝑎+
× 100 

𝑆𝐴𝑅 =
𝑁𝑎+

√𝐶𝑎2+ + 𝑀𝑔2+

2

 

Aerial photographs were preprocessed using Agisoft Photoscan and ArcMap 10.3 to 

generate orthomosaics and remove distortions through camera calibration (Purwanto, 2017). 

Color calibration and layer stacking were conducted for both RGB and OCN cameras to 

ensure uniformity. Figure 2 shows the results of image preprocessing, illustrating RGB and 

OCN camera mosaics from both transects (Figure 2). 

 

 

 

 

 
Figure 2. (A) RGB Camera (B) OCN Camera (1) 1st Transect (2) 2nd Transect 

A1) 

A2) 

B1) 

B2) 
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Vegetation indices were computed in Quantum GIS 3.10, and digital number (DN) 

values were extracted for each observation point in ArcMap 10.3. Statistical analyses were 

performed in R Studio. Laboratory data normality was tested using the Shapiro–Wilk method 

(Royston, 1992). Correlation analysis determined the strength and direction of relationships 

between variables, followed by regression analysis (Bewick et al., 2003) to derive predictive 

equations and coefficients of determination (R²). Regression models of macronutrient 

parameters were integrated with UAV imagery through raster calculation using ArcToolbox 

in ArcMap 10.3 (Rusdiana & Lubis, 2012) to generate spatial nutrient estimation maps. 

Model validation used a paired t-test to assess accuracy and reliability (Montolalu & Langi, 

2018). 

 

RESULTS AND DISCUSSION 

Flight Routes, Altitude, and Area Coverage  

The UAV DJI Phantom 4 Pro Advanced equipped with RGB and OCN cameras was 

used to capture aerial imagery. The mission planner software Drone Deploy was utilized to 

design flight paths across the paddy fields extending from west to east (Figure 2). The flight 

path length ranged from 2–3.5 km with an altitude of 100 m, which complies with the <150 

m limit established by the (Ministry of Transportation of the Republic of Indonesia, 2020). 

Each flight covered an area of 88–112 ha with a duration of 2–3 hours, ensuring adequate 

image overlap and spatial coverage for orthomosaic processing.  

Figure 3 shows that salinity indicators (pH, electrical conductivity, ESP, and SAR) 

varied significantly across observation points, with higher values observed near saline 

sources. Electrical conductivity ranged between 4–8 dS m⁻¹ in medium-saline soils and 

exceeded 8 dS m⁻¹ at control points, classified as highly saline (Sipayung, 2003). Soil pH 

values were <8.5, aligning with the saline soil criteria (Zhao et al., 2018). Exchangeable 

Sodium Percentage (ESP) was <15%, and SAR <13, both within the saline category (Li et 

al., 2023). According to USSL (1954), soils with EC ≥ 4.0 dS m⁻¹, pH <8.5, and ESP <15% 

are classified as saline. Increasing salinity negatively influences plant growth through 

osmotic stress and nutrient imbalance, reducing water and nutrient uptake (Hessini et al., 

2019).  

 

 
Figure 3. Graph of soil salinity indicators based on distance from the saline source (Putra, 

2021)  
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Field measurements indicated that the chlorophyll index ranged from 30.8 to 41.4 

SPAD units, with an average of 37.2 (Figure 4). Crop age varied from 42 to 58 days, 

averaging 52 days, across Ciherang, Inpari 32, and Inpari 42 rice varieties. The chlorophyll 

index was influenced primarily by plant age and varietal characteristics rather than soil 

salinity. Leaf age directly affects chlorophyll content, while longer vegetative phases 

promote higher chlorophyll accumulation (Banyo et al., 2013). Ciherang exhibits moderate 

salinity tolerance (Mardiansyah et al., 2018), whereas Inpari 32 and Inpari 42 are recognized 

as salinity-tolerant varieties (Fanata et al., 2024). This finding is consistent with Gkotzamani 

et al. (2024), who reported that moderate salinity levels did not significantly affect leaf 

chlorophyll.  

 

 
Figure 4. Chlorophyll index of rice leaves across observation points  

 

Nitrogen, Phosphorus, and Potassium Content  

Laboratory analyses revealed that N, P, and K contents in plant tissue decreased along 

the transects from points near freshwater zones toward saline zones (Figure 5). This pattern 

indicates a decline in nutrient uptake associated with increasing salinity levels. Salt 

accumulation in soil affects cation exchange, thereby reducing nutrient availability, 

particularly for K⁺ and NH₄⁺ ions due to ionic competition (Sipayung, 2003). Similar results 

were observed by Hessini et al. (2019), who reported that salinity-induced osmotic stress 

disrupts nutrient transport and enzyme function in rice plants.  

 

 
Figure 5. Macronutrient (N, P, K) content in rice biomass along transects  
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Vegetation Index Transformation and Digital Number Extraction  

Aerial imagery was processed to derive vegetation indices: SR, NGRDI, NDVI, 

TNDVI, and GNDVI. Each index reflects canopy characteristics related to plant vigor and 

chlorophyll concentration (Sulistyo et al., 2013). Figure 6 presents the transformation results 

showing vegetation distribution across both transects. Digital number (DN) values ranged 

from –0.48 to 3.46, with SR ranging from 1.11–3.46, NDVI from 0.05–0.52, and TNDVI 

from 0.74–1.01. These DN variations form the basis for correlating vegetation indices with 

soil salinity and nutrient status.  

 

 
Figure 6. Transformation results of vegetation indices (A: SR, B: NGRDI, C: NDVI, D: 

TNDVI, E: GNDVI)  

 

Statistical and Correlation Analysis  

Normality tests using the Shapiro–Wilk method Royston (1992) confirmed that all 

variables were normally distributed (p > 0.05). Correlation analysis in RStudio revealed 
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significant negative relationships between vegetation indices and macronutrient levels. 

Figure 7 shows that SR exhibited the strongest negative correlation (r = –0.54) with P and K 

biomass, indicating that higher SR values correspond to lower nutrient concentrations. This 

inverse relationship suggests that vegetation reflectance in the NIR and red bands is sensitive 

to nutrient deficiency under saline stress (Silleos et al., 2006).  

 

 

 
Figure 7. Correlation between vegetation indices and soil–biomass parameters  
 

Regression and Model Validation  

Regression analysis demonstrated that the SR index could effectively estimate P and 

K concentrations, with determination coefficients (R²) of 0.35 for both nutrients (Figure 8). 

The resulting regression equations were P = -0.07243 * SR + 0.61766 and K = -0.7059 * SR 

+ 5.3279. These negative slopes reaffirm the inverse association between SR values and 

nutrient concentrations. Validation using a paired t-test confirmed the model’s reliability, as 

t-count values (N = –3.46, P = –1.81, K = –1.79) were below the t-table threshold (α = 0.05), 
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indicating no significant difference between predicted and observed data (Montolalu & 

Langi, 2018).  

 

 

 
Figure 8. Regression analysis between SR index and macronutrient content in rice biomass  
 

Spatial Distribution of Macronutrients  

Macronutrient mapping based on regression models revealed spatial variability of 

nutrient distribution across the study area (Figure 9). N ranged from 1.26–1.37%, P from 

0.39–0.58%, and K from 3.07–4.97%. The SR index effectively identified areas with nutrient 

deficiency, demonstrating its utility in precision agriculture and saline soil monitoring 

(Himayah, 2019). Because SR depends on red and NIR reflectance, it provides high 

sensitivity to vegetation health, but may be affected by soil composition and cloud 

interference (Andianto & Handayani, 2014).  

 

Field Limitations 

Field operations encountered challenges such as fog interference, weak GPS signals, 

limited UAV battery capacity, and occasional signal loss. Fog reduced visibility at 100 m 

altitude, delaying flights and affecting image clarity (Maulana, 1997). High temperatures 

(30–33°C) disrupted GPS accuracy due to air density and pressure fluctuations affecting 

satellite signal refraction (Nowakowski et al., 2023). Additionally, multiple battery 

replacements were required, resulting in up to 11 flights per transect. In several cases, data 

loss occurred due to temporary UAV–pilot disconnection, leaving gaps in the orthomosaic 

dataset. 
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Figure 9. Estimated spatial distribution map of macronutrients (N, P, K) in rice crops  
 

CONCLUSION 

Salinity resulting from the accumulation of salts such as NaCl, Na₂SO₄, CaCO₃, and 

MgCO₃ reduces the availability and uptake of N, P, and K in rice crops near saline sources. 

Increased salinity leads to high osmotic pressure, inhibiting nutrient absorption and lowering 

macronutrient content in plant tissues. UAV-based monitoring using the DJI Phantom 4 

Advance effectively estimated nutrient levels, with the MSAVI vegetation index providing 

the most reliable prediction of N, P, and K biomass (R² = 0.31, 0.34, and 0.34, respectively). 

Thus, UAV imagery offers a practical approach for assessing nutrient status in saline-

affected paddy fields. 
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