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Abstract 

In the present study analysis of growth stages of different winter crops grown in Vijapur Taluka was carried for determining optimum 

growth period for crop separability using multi-temporal NDVI profiles. The multi-temporal Sentinel-2 multi-spectral data covering 

study area for the winter crop period from November-2018 to March-2019 was analysed. The spectral behavior of wheat, cotton, 

potato, fennel and castor crops during active growth stages was studied and it was observed that the spectral response of these crops 

is quite distinct. However, wheat and potato have almost matching spectral response during the month of January when wheat was at 

flag leaf to flowering stage and potato was at maximum vegetative growth stage. This suggests that, single-date Sentinel-2 

multispectral digital data of active vegetative growth stages of these two crops during the month of January is not adequate and 

useful for unique discrimination of wheat and potato. The Normalized Difference Vegetation Index (NDVI) profiles of these major 

winter crops were generated to monitor and identify the optimum growth stages of the winter crops for their unique separability. The 

results indicated that, during second fortnight of February, wheat was at grain filling and milk stage and potato was at maximum 

vegetative stage with tuber maturity and at the same time other crops namely cotton, castor and fennel were at the maturity stages, 

have quite distinct NDVI values. During the period of second fortnight of February major winter crops with different growth stages 

had quite distinct spectral behaviour. This indicates that the period of second fortnight of February is quite good and unique for 

discriminating these winter crops using single date satellite data. 
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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. 

The advantage of Sentinel-2 multi-temporal data for 

crop-type classification is very relevant as it reaches up 

to 91–95% overall accuracies in various crop 

classifications (Vuolo, et al., 2018) while single-date 

images show limited results. The spectral indices 

computed using Visible and Near Infrared wavelengths 

are very useful for crop discrimination. The ratio 

formulation reduces first order bi-directional reflectance 

and solar zenith induced reflectance variations (Gao, et 

al., 2002; Sutari̇ya et al., 2021). Normally, parametric 

Separability Analysis is performed for assess crop 

separability using the Transformed Divergence (TD). 

The TD is a commonly used measure that is bounded 

between values of 0 (no separability) and 2 (completely 

separable) (Jensen, 1996). It provides a covariance 

weighted distance between class means to determine 

whether class signatures are separable. The studies 

carried out by Boken and Shaykewich, 2002 indicated 

that the spring wheat yield was found to be best 

correlated with the average NDVI during the heading 

phenological phase. The start and the end of the heading 

phase were estimated using a biometeorological time 

scale model (Esetli̇li̇, et al., 2018). 

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). Maximum leaf area is 

achieved 10-15 days before anthesis (flowering stage). 
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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. 

Crop Separability using Multi-Temporal Data 

The crop phenological information is used for 

discriminating crop types, with assumption that  

the spectral response of different crops might be similar 

on any single day but the separability among crop types 

is greatly improved in a multi-temporal space 

(Palchowdhuri et al., 2018).  A method for compositing 

the multi-temporal NDVI, in order to map winter crop 

planting areas with the Landsat-7 and -8 and Sentinel-2 

optical images was proposed by (Tian et al., 2019). In 

this study, Landsat 7–8 and Sentinel-2 images were 

analyzed to increase the frequency of data for mapping 

winter crops and the results indicated that temporal 

compositing of minimum and maximum NDVI values at 

the peak and end of season could mitigate the need for a 

longer time series of data to discriminate winter crops 

from forests and spring crops.  Time-series curves of 

vegetation indices are widely used for mapping crops 

(Cai et.al., 2018), mainly because every crop has a 

unique phenology during its period of growth (Pan et.al., 

2012), and multi-temporal vegetation indices are closely 

related to crop phenology (Sakamoto et.al., 2012), 

making them beneficial for improving classification 

accuracy. 

Optimum Crop Growth Stages for Winter crop 

Separability  

The remote sensing-based crop mapping methods are 

based on spectral-temporal features. Spectral and 

temporal features are taken as the major theoretical basis 

for distinguishing crops from other vegetation, and one 

crop type from another crop type (Foerster et al., 2012). 

The mapping methods based on single images have 

difficulty in identifying two or more crops with similar 

spectral profiles when the planting situation is complex 

(Maus, et al, 2016; Ülker et al., 2018). Time-series-based 

methods make use of the temporal features of crops, and 

are thus widely used for crop mapping. The study carried 

out by Meng, et al., 2020 to explore the optimal temporal 

window for crop mapping using remote sensing data 

winter wheat and rapeseed. The importance of the 

diff erent bands for crop mapping was evaluated using 

the variable importance (VI) index and the results 

indicated that the combinations of images from the later 

stages of crop growth were more suitable for crop 

mapping.  

Study Area 

This research was conducted in Vijapur taluka is located 

at 23.57 ̊ N 72.75 ̊ E in the Maheshana district, the 

northern part of Gujarat state which is classified as a 

semi-arid region. The climate is generally dry and hot 

outside to severely hot from March to June when the 

maximum temperature stays in the range of 36 to 47°C 

and the minimum in the range of 19 to 27°C. Rainy 

season starts from July and ends in September with 

average annual rainfall is around 750 mm. The major 

crops grown during Rabi season (winter) are wheat, 

potato, castor, cotton, and fennel. 

Figure-1: Location map of the Vijapur Taluka in Mahesana district. 
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The normal sowing periods for these winter crops in 

Vijapur taluka as follows: normally wheat is sown 

middle of November harvested during end of March, 

potato is grown as winter crop sown in the month of 

September – October and harvested during February- 

March. The cotton is sown during second fortnight of 

June and it matures during February – March. The castor 

and fennel crops are sown during October and harvested 

at the end of March. This indicates that the growth 

cycles of these winter crops are slightly different. The 

location map of the study area of Vijapur Taluka in 

Mahesana district is given in Figure-1 (Das et al., 2016; 

Chauhan, et al., 2021). 

Methodology  

Remote Sensing Satellite Data Used 

In this study, multi-temporal Sentinel-2 multi-spectral 

digital data (spatial resolution 10m) of Rabi season 

(winter season) from November-2018 to March-2019, a 

total number of 10-date data covering Vijapur Taluka 

was downloaded from https://earthexplorer.usgs.gov/. 

The Sentinel-2 MSI has 13 spectral bands ranging from 

0.433 µm to 2.19 µm; four 10 m visible and near-

infrared bands, six 20 m red edge, near-infrared (NIR) 

and short-wave infrared (SWIR) bands, and three 60 m 

bands for characterizing aerosols, water vapor and cirrus 

clouds. Sentinel-2A MSI data are acquired in an 

approximately 290 km swath (20.60 field of view from 

an altitude of 786 km) with global coverage every 10 

days (Drusch et al., 2012). The Sentinel-2 data products 

are delivered directly at Top of Atmosphere reflectance 

values. The Sentinel-2 multi-spectral digital data from 

Blue (Band-2), Green (Band-3), Red (Band-4), & NIR 

(Band-8) of 10-differents dates during growing period of 

winter crops was acquired in this study. The 10-dates 

are: i) 04-Nov-2018; ii)  29-Nov-2018, iii) 09-Dec-2019, 

iv) 24-Dec-2019, v) 03-Jan-2019, vi) 28-Jan-2019, vii)

02-Feb-2019, viii) 17-Feb-2019, ix) 04-Mar-2019 and x) 

29-Mar-2019.One of the Sentinel-2 data with Vijapur 

Taluka boundary is given in Figure-2.  

Figure-2: Sentinel-2 multi-spectral image covering Vijapur Taluka. 

Field Data Collection 

Ground Truth (GT) data on winter crops grown in 

different villages of Vijapur Taluka was collected at 

multiple locations coinciding with different growth 

stages of winter crops. Five groups of villages having 

different dominant crops distributed in Vijapur Taluka 

were selected for field data collection.  Large 

homogeneous sites of wheat and mustard crops with 

different density classes were identified using the 

Sentinel-2 False Colour Composite (FCC). The field 

observations like growth stage and vigour, crop density, 

size of the field, etc. were recorded for selected sites. 

The GPS measurements of selected sites along with field 

photographs were recorded. Some of the field 

photographs of different winter crops are given in 

Figure-3.  

Remote Sensing Satellite Data Analysis 

The Sentinel-2 multi-spectral and multi-temporal data of 

winter crop growing season covering study area was 

analyzed using following major steps:  

i) Multi-date data preparation and geo-

referencing,  

ii) Administrative boundary superimposing, 

iii) Extraction of area of interest,

iv) Superimposing GPS locations of different crop

sites collected during GT data collection on the

registered satellite digital data,

v) Identification of different crops on the satellite

data and generation of histograms

vi) Generation of Normalized Difference

Vegetation Index (NDVI) images and NDVI

profiles of different crops. The methodology

flow-chart of data analysis is given in Figure-4.

Vijapur Taluka

Sentine-2 FCC: 04-Mar-2019Sentinel-2 FCC: 04-Mar-2019
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Figure-3: Field Photographs of Major Winter crops in Vijapur Taluka. 

Figure-4: Methodology Flow-chart adopted for data analysis 

Multi-date Sentinel-2 Data Analyzed 

The Sentinel-2 multi-spectral digital data from Blue 

(Band-2), Green (Band-3), Red (Band-4), & NIR (Band-

8) of 10-differents dates during growing period of winter

crops was analyzed for to study the optimum bio-

window for winter crop separability study. The multi-

date Sentinel-2 satellite data covering study area was 

extracted using the Taluka boundary and 10-scene 

analyzed in this study are given in Figure-5 and Figure-

6.  

Data Analysis Flow Chart
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Figure-5: Multi-date Sentinel-2 multi-spectral images covering Vijapur Taluka 

Figure-6: Multi-date Sentinel-2 multi-spectral images covering Vijapur Taluka 

Generation of Multi-date Sentinel-2 Data NDVI 

Images 

Various vegetation indices have been developed for 

qualitative and quantitative assessment of crop growth 

and vigour using multi-spectral data. The vegetation 

indices based on the Visible and Near Infra-Red (VNIR) 

region such as Normalized Difference Vegetation Index 

(NDVI) (Tucker, 1979) are highly related to biophysical 

variables such as leaf area index (LAI) and Normalized 

Photosynthetically Active Radiation (NPAR) (Baret and 

Guyot, 1991). The NDVI approach is based on the fact 

that healthy vegetation has low reflectance in the visible 

portion of the spectrum due to chlorophyll and 

absorption by other pigments, and has high reflectance in 

NIR due to internal reflectance by the green leaf tissue, 

the values of NDVI ranges from -1 to +1, where, only 

positive values correspond to vegetation areas, values 

close to zero do not mean vegetation, and negative 

values belong to clouds, snow, water, uncovered soil 

areas and rocks. The NDVI profiles can be generated 

over time to study the crop growing conditions 

throughout the cropping season which can also indicate 

the crop vigour changes with different phenological 

stages. The NDVI is computed as follows (Rouse et al. 

1973; Mehta et al., 2021): 

NDVI= (NIR - R) / (NIR + R) (1) 

04-Nov-2018 09-Dec-2018

03-Jan-2019 02-Feb-2019

24-Dec-201829-Nov-2018 28-Jan-2019

17-Feb-2019 04-Mar-2019 29-Mar-2019
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Where, 

NIR = reflectance in the near-infrared band, 

R = reflectance in the red band 

Multi-date NDVI images were generated from the 

Sentinel-2 multi-spectral data from sowing to maturity 

stages of winter crops. The NDVI images selected 

important six-dates are given in Figure-7.  

Figure-7: Multi-date NDVI images generated using Sentinel-2 covering Vijapur 

Figure-8: Spectral response of Winter Crops using Sentinel-2 multi-spectral data 

Multi-temporal NDVI Growth Profile Generation 

Multi-date NDVI images covering study area were 

generated for all the 10-date datasets from the Sentinel-2 

multi-spectral data from sowing to maturity stages of the 

winter crops. The GPS measurements were taken in crop 

fields at different locations and crops were identified on 

the satellite images using these GPS measurements taken 

in different fields of wheat, mustard, castor and Fennel 

crops. The histograms of digital numbers of crop sites 

were generated using the Multi-temporal NDVI images. 

The multi-temporal NDVI profiles of these major winter 

crops grown in different villages of Vijapur Taluka were 

generated using multi-date Sentinel-2 multispectral data. 

Results and Discussion 

Analysis of Spectral Response of Winter Crops 

The histograms of digital numbers of different winter 

crop sites identified based on field data at different 

locations in the selected villages were generated using 

multi-date Sentnel-2 data. The mean values in each 

spectral band for winter crops namely, potato, wheat, 

castor, cotton and fennel were plotted for 03-January-

2019 where the spectral values of these crops were 

significantly different (Figure-8). During first week of 

January these major crops were at active growth stages 

of flowering and grain filling. The difference in sowing 

dates of these winter crops results in different 
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phenological stages which results in different spectral 

response of these crops. The phenological stage 

differences of different winter crops, which results into 

different spectral reflectance on the satellite data.  

It was observed that maximum spectral difference of 

these winter crops was observed in the NIR spectral 

band as compared to other visible spectral bands of 

Sentinel-2 multi-spectral data. The spectral response of 

wheat, cotton, castor and fennel crops have quite distinct 

spectral behavior. Cotton crop is almost at maturity stage 

during the first fortnight of January, it shows quite 

distinct spectral response as compared to other crops. 

However, wheat and potato crops do not show distinct 

spectral behavior during first week of January. This 

indicates that, during first week of January these two 

crops have similar vegetative cover which do not to 

show any spectral differences, so using single date data 

of January wheat and potato crops cannot be 

discriminated. Therefore, multi-date data of different 

growth stages needs to be used for better discrimination 

of these two crops.  

Winter Crop Separability using NDVI Growth 

Profiles  

In this study, from the NDVI growth profiles generated 

using 10-date Sentinel-2 data 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 

growth profiles (Figure-9) of these winter crops were 

studied for identifying the different growth stages where 

maximum variations in NDVI profiles can be observed 

which can helpful for better crop separability using the 

spectral data from Remote sensing satellites.   

Figure-9: Multi-temporal NDVI profiles of different Winter Crops using Sentinel-2 data 

The NDVI growth profiles of these winter crops indicate 

the temporal variations during different growth stages of 

the winter crops. The maximum temporal variations can 

be observed during early growth stages to flowering and 

grain filling stages. These differences are mainly because 

of differences in sowing dates resulting in different 

phonological growth stages. 

Optimum Growth Stages for of Winter Crop 

Separability 

The multi-temporal NDVI profiles of different winter 

crops (Figure-8) indicate that a single-date temporal 

image, the distinct discrimination of winter crops may 

not be posible during the peak growth stage, during first 

fortnight of Jnuary in the study area. However, during 

second fortnight of November to first fortnight of 

December, discrimination of only cotton and Fennel 

crops which are at maximum vegetative growth stages 

may be possible. As it can be observed from Figure-7, 

the best-growth stages which give maximum spectral-

temporal separability is during the middle and late 

growing season which contains more discriminative 

information for all the winter crops.The NDVI gwoth 

profile indicates that, the Sentinel-2 data of early growth 

stages is very helpful for better discrimination of  cotton 

and Fennel crops. However, Satellite data of a later 

growth stages of all the winter crops during second 

fortnight of February is very helpful for better winter 

crop separability. During this period wheat crop is at 

dough stage, potato at maximum vegetative stage and 

cotton, castor and fennel are at the maturity stages. 

These results from NDVI growth profiles explains the 

suitability of satellite data of middle and late growth 

stages perform better for winte crop separability. 

Conclusions 

This study was carries out with the basic objective of 

identifying the optimum bio-window for winter crop 

Paola / IJEGEO 8(2):135-143 (2021) 
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separability using the NDVI growth profiles generated 

using multi-temporal Sentinel-2 data. The multi-

temporal Sentinel-2 multi-spectral data (spatial 

resolution 10-m) covering study area for the winter crop 

period from November-2018 to March-2019 (10-

datasets) was analysed. The resuls of spectral behavior 

of wheat, cotton, potato, fennel and castor crops during 

active growth stages indicated that the spectral response 

of these crops is quite distinct. However, wheat and 

potato have almost similar spectral response during the 

month of January when wheat was at flag leaf to 

flowering stage and potato was at maximum vegetative 

growth stage. This suggests that, single-date Sentinel-2 

multispectral digital data of active vegetative growth 

stages of these two crops during the month of January is 

not appropriate and sufficient for unique discrimination 

of wheat and potato.  

The multi-temporal NDVI profiles of different winter 

crops indicated that using single-date image, the distinct 

discrimination of winter crops may not be posible with 

peak growth stages, during first fortnight of January in 

the study area. The NDVI growth profiles of different 

winter crops indicated that the best-growth stages which 

give maximum spectral separability is during the middle 

and late growing season which contains more 

discriminative information for all the winter crops. 

Satellite data of a later growth stages of all the winter 

crops during second fortnight of February is very helpful 

for better winter crop separability. During this period 

wheat crop is at dough stage, potato at maximum 

vegetative stage and cotton, castor & fennel are at the 

maturity stages. These results from NDVI growth 

profiles explain the suitability of satellite data of middle 

and late growth stages perform better for winte crop 

separability. 
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