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Abstract 

In the present study on winter crop growth monitoring in different villages in Kapadvanj Taluka of Kheda district was carried out 

using multi-temporal Sentinel-2 multi-spectral data (spatial resolution 10-m).  Multi-temporal Sentinel-2 data covering study area for 

the winter crop period from November-2018 to March-2019 was downloaded from https://earthexplorer.usgs.gov/. The major 

objective of this study was to monitor site-specific crop growth in different villages of Kapadvanj Taluka by generating Normalized 

Difference Vegetation Index (NDVI) profiles of major winter crops. The spectral behavior of wheat, potato, bajara and castor crops 

during active growth stages was studied and it was observed that the spectral response of wheat and potato crops have quite distinct 

spectral behavior. However, castor and bajara crops do not show distinct spectral behavior. In this study, from the NDVI profiles of 

different crops it was observed that very distinct growth stages like early growth stage to flag leaf emergence which correspondence 

to rising of NDVI, followed by flag leaf emergence to flowering and grain filling stages which corresponds to maximum NDVI and 

finally physiological maturity stages corresponding to declining of NDVI of all the winter crops. 

Keywords: Sentinel-2 Multi-spectral data; Spectral behaviour; NDVI; winter crops 

Introduction 

Indian agriculture plays very important role in the 

economy of the country which is influenced by year-to-

year variability in monsoon affecting the crop 

production. The spatio-temporal information about crop 

growth and its condition is important for monitoring crop 

progression during the growing season which provides 

information necessary for efficient crop management. 

Remote sensing data can be effectively used for 

providing spatial and temporal information on crop 

growth and its condition and also for generating crop 

phenology during growing season. Vegetation indices 

(VI) computed from satellite images gives an indication 

of the presence of vegetation and its health. Several 

studies on remote sensing applications have proved that 

VI can be used effectively in crop monitoring as well as 

in characterizing the vegetation with crop phenology. 

Time series profiles of VI derived from satellite data are 

potential tools to interpret the dynamics and 

phenological development of vegetation in different 

areas. 

Crop Phenology Detection using Remote Sensing  

Vegetation indices computed from satellite images gives 

an indication of the presence of vegetation and its health. 

Studies on remote sensing applications have proved that 

vegetation indices can be used effectively in crop 

monitoring as well as in characterizing the vegetation 

with phenology. Time series profiles of vegetation 

indices derived from satellite data are potential tools to 

interpret the dynamics and phenological development of 

vegetation in different areas (Patel and Oza, 2014). 

NDVI has been recognized for its ability to monitor 

crops and as estimator of crop yields since early 1980s 

(Tucker et al., 1980; Groten, 1993; Quarmby et al., 1993; 

Doraiswamy and Cook, 1995; Lewis et al., 1998; Boken 

and Shaykewich, 2002; Kaya et al., 2015; Vaghela et al., 

2018; Esetli̇ et al., 2018). Maximum leaf area is achieved 

10-15 days before anthesis (flowering stage). Labus et 

al., (2002) have found good relationship between wheat 

yield and NDVI during the latter part of the growing 

season, prior to harvest, at the regional scale. Multi-date 

MODIS data for previous five years provided a-priori 

information on crop presence / absence over the previous 

five crop seasons (Rajak et al., 2016). The methodology 

was to extract key elements of crop growth cycle (i.e. 

number of crops per year and their planting – peak - 

harvesting dates) by analyzing MODIS-NDVI data series 

of one agricultural year (from June 2012 to May 2013) 

over Gujarat. 

Materials and Methods 

Study Area 

This research was conducted in Kapadvanj taluka which 

is situated at 23001’12” N and 73004’12” E located in 

Kheda districts in Gujarat State. Kapadvanj Taluka has 
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geographical area of 19 sq. kilometer. Population of 

Kapadvanj is 49,308. Kapadvanj usually experiences a 

semi-arid climate. The temperatures shoot up to 45-47 

degree Celsius especially in the month of May. Hot 

winds blow over the region known as "Loo". Rainy 

season starts from July and ends in September. Rainfall 

is between 750-800 mm. The major crops grown during 

Rabi season (winter) are wheat, potato, castor, bajara and 

Mustard. In winters temperatures fall to 8-9 degree 

Celsius. Mild climate causes pleasant weather during the 

season. The location map of the study area of Kapadvanj 

Taluka in Kheda district is given in Figure 1. 

Figure-1: Location map of the Kapadvanj Taluka in Kheda district. 

Table-1: Details of Sentinel-2 MSI Data acquired for Rabi Season (2018-19) 

Sr. No. Satellite / Sensor Spatial Resolution (m) Bands Used Acquisition Date 

1. Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

29-11-2018 

2. Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

29-12-2018 

3. Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

13-01-2019 

4. Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

28-01-2019 

5. Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

22-02-2019 

6 Sentinel-2 MSI 10 Blue (2), Green (3), Red (4), 

NIR (8) 

24-03-2019 

Figure 2: Sentinel-2 multi-spectral image covering part of Kapadvanj Taluka 
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In this study, from the NDVI profiles of different crops it 
was observed that very distinct growth stages like early 
growth stage to flag leaf emergence which 
correspondence to rising of NDVI, followed by flag leaf 
emergence to flowering and grain filling stages which 
corresponds to maximum NDVI and finally 
physiological maturity stages corresponding to declining 
of NDVI of all the winter crops, were observed. NDVI 
profiles of these four winter crops were studied for 
identifying the different growth stages where maximum 
variations in NDVI profiles can be observed which can 
help to better crop separability using the spectral data 
from Remote sensing satellites.   

Conclusion 

The site-specific winter crop growth monitoring in 
different villages in Kapadvanj Taluka of Kheda district 
was carried out using multi-temporal Sentinel-2 multi-
spectral data. The difference in sowing dates of winter 
crops results in different phrenological stages which 
results in considerable difference in spectral signatures. 
The spectral response of wheat and potato crops have 
quite distinct however, castor and bajara crops do not 
show distinct spectral behavior. But the spectral behavior 
these two crops are quite distinct from wheat and potato. 
The results indicate that, using Remote Sensing digital 
data of active growth stages wheat and potato can 
uniquely be distinguished and classified; however, it 
may be difficult to distinguish bajara and castor 
separately. Normalized Difference Vegetation Index 
(NDVI) growth profiles of major winter crops like 
wheat, potato, bajara and castor were generated using 
multi-temporal Sentinel-2 multi-spectral data. The NDVI 
growth profiles winter crops indicate the temporal 
variations during different growth stages of these crops 
and the maximum temporal variations can be seen during 
early growth stages to flowering and grain filling stages.  
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