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Introduction 

Mango is considered one of the most prominent fruit crops 

cultivated globally, particularly in India, which is the top 

producer (50 % of world production) and consumer of 

mangoes, thus significantly influencing the nation's economy 

and the livelihoods of farmers. The total area under mango 

cultivation in India is 2.396 million hectares, with an overall 

production of 22.398 million metric tons and productivity of 

9.35 tons/hectare (1). In Tamil Nadu, mango is cultivated over 

1.45 million hectares with a total production of 9.49 million 

metric tons and a productivity of 6.5 tons/ha. The districts of 

Krishnagiri and Dharmapuri in Tamil Nadu is renowned for its 

vast mango plantations, occupying 32 % of the total mango 

area in the state. These districts fall in the northwestern zone 

of Tamil Nadu, with well-drained soils and moderate rainfall. 

This area is perfect for establishment of mango orchards. The 

popular varieties of this region are Alphonso, Bangalora, 

Senthura, Banganapilli, Malgoa, Neelam and Imam Pasand.  

 Accurate mapping of mango growing regions is 

essential for yield forecasting, which primarily depends on 

two factors; cultivated area and yield per unit area (2).                

The conventional methods used for area estimation like field 

surveys, census and other manual techniques are laborious 

and time consuming (3, 4). The use of Geographic 

Information System (GIS) for area estimation started in 1980s. 

The primary function of early GISs was to digitally preserve 

final area sampling frames. But as technology advanced, GIS 

software and associated image processing applications 

started using high resolution satellite images for generating 

land use land cover maps and crop area maps. With the 

advent of machine learning (ML) and Neural Networks (NN), 

crop area mapping has become more accurate and efficient. 

 Mapping of mango orchards was done by researchers 

on an extensive scale using different satellite images. The 

mango area was estimated with an accuracy of 70.66 % to 

86.69 % in the Lucknow region of India using Landsat 8 OLI 

(30 m spatial resolution and 16 days temporal resolution) (5). 

High resolution satellite imagery like Gaofen-1 (6), IRS-

Resources at 2 - LISS IV (7, 8), WorldView-3 (9), Sentinel 2 (10), 

were used in different parts of the world for mango area 

mapping. The Sentinel 2 images were used for cashew area 

mapping in Ariyalur district of Tamil Nadu and obtained an 

accuracy of 85 % and 0.7 kappa index (11). This indicates that 

Sentinel-2 imagery can be effectively used for horticultural 

crop area mapping in Tamil Nadu.  
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Abstract  

Mango area mapping is crucial for forecasting production prior to harvest and developing policies that ensure food and nutritional 

security. This study focuses on the integration of remote sensing and machine learning algorithms for real time prediction of mango 
cropped area in Krishnagiri and Dharmapuri districts of Tamil Nadu state in India. The cloud free images of Sentinel 2 were acquired 

corresponding to the fruit setting stage of the crop during the main crop season (January to June 2024) and pre-processed in ArcGIS 10.8 

software. Supervised classification was carried out using eCognition Developer 10.3 software by combining object-based image analysis 

(OBIA) and Random Forest algorithm. Based on the analysis, the area under mango cultivation in Krishnagiri district was 31824.22 
hectares, showing a 1.5 % deviation from the Department of Economics and Statistics data. The overall classification accuracy was 0.85, 

with a kappa index of 0.70. In Dharmapuri district, the mango area was slightly overestimated (14950.24 ha) compared to the government 

data (14589 ha), with a percent deviation of -2.5 %. The overall classification accuracy was 0.88, with a kappa index was 0.76. Accurate 

mango area mapping supports precision agriculture, efficient resource management and yield optimization, thereby aiding farmers, 
scholars and policymakers in informed decision-making. 
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 Area mapping typically involves either supervised or 

unsupervised classification. The supervised classification is 

found to be superior; it can be either pixel based or object-

based image classification. While identifying horticultural 

crops, particularly orchards, pixel-based classification 

sometimes falls short of capturing the spectral variability in 

high-resolution photos. In pixel-based classification, 

individual pixels are often categorised based on the 

presumption that each class exhibits consistent spectral 

behaviour; however, contextual information like as texture, 

shape, etc. are not included. The Object Based Image Analysis 

(OBIA) overcomes these issues by combining similar 

neighbouring pixels into meaningful geographical objects 

while maintaining pixel topology. The spectral and spatial 

characteristics of the pixel are also considered while 

producing such objects (12, 13). The object-based classifiers 

improve the overall classification accuracy by 2-7 % as 

compared to pixel-based classifiers (6, 7). The classification 

accuracy could be further enhanced by combining object-

based classifiers with ML algorithms like Random Forest (RF), 

Support Vector Machines (SVM) and Convolutional Neural 

Networks (CNNs). The literature shows that the use of 

Sentinel-2 data produces high accuracies (>80 %) with 

machine-learning classifiers such as RF and SVM (14). RF 

show higher classification accuracy when the input variables 

are more than 20, while SVM performs better under less 

number of input variables (6). This research focuses on 

exploring the combined application of OBIA and ML for 

mapping mango-growing areas in Krishnagiri and 

Dharmapuri districts of Tamil Nadu using Sentinel-2 images 

during the 2024 crop season. 

 

Materials and Methods 

Study area 

The Krishnagiri district is located at 11º 12’N to 12º 49’N 

latitude, 77º 27’E to 78º 38’E longitude and at an elevation of 

632 m above the Mean Sea Level (MSL). The district is 

bounded by Vellore and Thiruvannamalai to the east, 

Karnataka state to the west, the state of Andhra Pradesh to 

the north and Dharmapuri district to the south (Fig. 1). The 

Dharmapuri district is between 11o 47’ N to 12 o 33’ N latitude 

and 77 o 02’ to 78 o 40’ E longitude with an average elevation of 

468 m (above MSL). This district bordered by Tiruvannamalai 

and Villupuram to the east, the Kaveri River to west, 

Krishnagiri district to north and Salem district to south. 

 Satellite data 

The Sentinel 2 mission of European Union consists of twin 

satellites (Sentinel 2A and Sentinel 2B) has 13 spectral bands, 

each with a different spatial resolution. In this study, three 

spectral bands (B2- Blue (492.1-496.6 nm), B3- Green (559-560 

nm), B4- Red (664.5-665 nm)) with high spatial resolution of 10 

m and temporal resolution of 5 days were used. The cloud free 

satellite images were acquired in March 2024 corresponding 

to the fruit setting stage of the mango in the study area. The 

study area was covered by four scenes; hence the scenes were 

mosaicked together and the area of interest was clipped using 

extract by mask option in ArcGIS 10.8 software. The three 

bands were composited together to produce a single image 

which was used for further analysis. The methodology 

followed for mango area mapping is given in Fig. 2.  

Ground truth data 

The ground truth points collected in Krishnagiri district 

include 148 mango points and 99 non-mango points, while in 

Dharmapuri district 136 mango and 114 non-mango points 

were considered for the study. The geographical coordinates 

of the location were collected using GPS during the main crop 

season (January to June 2024), along with other details like 

the age of the tree, management practices, current and 

previous year weather condition, pest and disease incidence, 

crop health status and yield data were also collected from 

each ground truth points. 

Supervised classification and mango area mapping 

The eCognition 10.3 software was used for supervised 

classification. Based on the spatial and spectral properties of 

the pixels the meaningful objects were created through the 

process of ‘multiresolution segmentation’ by considering 

scale, shape-colour and compactness-smoothness 

 

Fig. 1. Location map of the study area.  
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parameters. After segmentation classes were assigned and 

samples were selected for each class. Initially, 60 % of the 

ground truth points were used to train the software for Object 

Based Image classification using Random-Forest algorithm. 

Remaining 40 % of the sample was used for validation. The 

ArcGIS 10.8 software was used for the development of mango 

area map and calculation of block wise and overall district 

mango area (in ha) from the classified image. 

Accuracy assessment 

The accuracy of classification is represented using a confusion 

matrix. The 40 % of the ground truth data is used for validation. 

The confusion matrix provides user’s accuracy, producer’s 

accuracy overall accuracy and Kappa coefficient. The producer 

accuracy refers to how well an area is being classified. But user 

accuracy refers to the probability of area identified as a 

particular class belongs to that class itself (15). Overall 

accuracy represents the proportion of all correctly classified 

samples. Kappa coefficient is a statistical tool for estimation 

the percent agreement of estimates. The maximum value of 

kappa coefficient is one, values in the range of 0.8-1 shows very 

good agreement, 0.6-0.8 good agreement, 0.6 -0.4 moderate 

agreement, <0.4 poor agreement (16). 

 

Results and Discussion 

The mango area maps generated for Krishnagiri and 

Dharmapuri districts are presented in Fig. 3 and Fig. 4, 

respectively. Table 1 gives a summary of the area estimated 

and the percent deviation from Department of Economics and 

Statistics data provided by Government of Tamil Nadu for the 

year 2024. The estimated mango area for Krishnagiri district 

was 31824.22 ha, while as per the government data, area under 

mango cultivation in the district was 32302 ha. Hence, the 

mango area was slightly underestimated with a percent 

deviation of 1.5 % from government data. Similarly, the mango 

area in Dharmapuri district was slightly overestimated, with a 

deviation of 2.5 % above the government data. The estimated 

area was 14950.24 ha while the mango area according to 

government sources was 14589 ha. The cause of deviation can 

be traced back to the spectral similarity between mango trees 

and other tree crops, such as those found in forests, that can 

lead to misclassification during mango area mapping.  

 The primary mango-growing regions in each district 

are identified by the calculation of block wise mango area for 

each district. In Krishnagiri district, Bargur (6156.17 ha), 

Kaveripattinam (5314.33 ha) and Krishnagiri (4850.2 ha) 

blocks have highest area whereas Hosur (404.19 ha), Thally 

(1203.02 ha) and Veppanapalli (1531.56 ha) have lowest area 

under mango cultivation (Table 2). There are fewer mango 

orchards in the Hosur and Veppanapilli blocks because these 

areas are well-known for producing flowers and vegetables 

(8). In Dharmapuri district, Karimangalam (3492.12 ha) and 

Palacode (2377.34 ha) blocks are having highest area while 

Nallampalli (793.57 ha) and Dharmapuri (823.53 ha) are 

having the least area under mango (Table 3).  

 The accuracy of mapping mango area in Krishnagiri 

district is given in Table 4. For mango points producer 

accuracy is 0.87 which indicates that 87 % of mango area was 

correctly identified as mango. The user accuracy of the 

classification is 0.82 i.e., 82 % of the area identified as mango 

depicts actual mango areas. The overall accuracy of the 

classification is 85 % and the Kappa coefficient is 0.7 which 

shows good agreement. The confusion matrix for accuracy 

assessment in Dharmapuri district is presented in Table 5. 

The producer accuracy of mango is 0.98 and user accuracy is 

0.78. The overall accuracy of classification is 0.88 and Kappa 

 

Fig. 2. Flow chart depicting the methodology for mango area mapping.  

Region Overall accuracy (%) Spatial area under mango              
orchard (ha) 

Mango orchard area as 
per DES (ha) 

Percent deviation (%) 

Krishnagiri 85 31824.22 32302 1.5 

Dharmapuri 88 14950.24 14589 -2.5 

Table 1. Percent deviation of estimated area with DES data in 2024 
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Fig. 3. Mango area map of Krishnagiri district. 

 

 

Fig. 4. Mango area map of Dharmapuri district. 

Block name Area (in ha) 
Hosur 404.19 
Shoolagiri 2868.02 
Veppanapalli 1531.56 
Krishnagiri 4850.2 
Thally 1203.02 
Kelamangalam 2074.73 
Bargur 6156.17 
Kaveripattinam 5314.33 
Mathur 3617.41 
Uthangarai 3804.59 
Total 31824.22 

Table 2. Block wise mango area in Krishnagiri district Table 3. Block wise mango area in Dharmapuri district 

Block name Area (in ha) 

Palacode 2377.34 

Karimangalam 3492.12 

Pennagaram 925.29 

Morappur 1979.34 

Dharmapuri 823.53 

Harur 2563.72 

Nallampalli 793.57 

Pappireddipatti 1995.33 

Total 14950.24 
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coefficient is 0.76. Pal et al., have used Sentinel 2 images for 

mango area mapping of Jabalpur district of Madhya Pradesh 

using ERDAS IMAGINE software and obtained an accuracy of 

87.75 % (17). Similar results were observed (11) when 

Sentinel 2 images were used for area mapping of horticultural 

crops like Cashew nut in Ariyalur district of Tamil Nadu. The 

accuracy of classification was 85 % and with Kappa index           

of 0.7. Recent studies focusses on the integration of Sentinel 1 

and Sentinel 2 images for mapping area of fruit plantations 

(18, 19). 

 The complex topography, characterized by hilly areas 

and extensive forests, hinder the precise delineation of 

mango orchards in the study area. The Krishnagiri district has 

more forest area as compared to Dharmapuri district this can 

be the reason for lower accuracy in Krishnagiri district. In 

addition, the presence of intercrops within mango orchards 

can complicate accurate area estimation, as these crops may 

interfere with the spectral signature of mango trees. 

 

Conclusion 

The mango orchards were identified in the study with good 

accuracy through object-based analysis incorporating 

random forest algorithm in optical images of Sentinel-2. This 

method is better than the pixel-based classification using any 

satellite image processing software and use of machine 

learning techniques further improves the accuracy. The 

fragmented plantation of fruit crops could be identified with 

better accuracy when machine learning based classification 

is applied on fused images of Sentinel 1 and Sentinel 2. The 

integration of optical and SAR data could enhance mango 

area mapping in future studies. 
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