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I. INTRODUCTION 

India is the world leader in chickpea (Cicer arietinum) production followed by Australia and Pakistan. 

Chickpeas are an excellent source of the essential nutrients, iron, folate, phosphorus, protein and dietary fiber. 

Maharashtra have 11% share in production of chickpea in the country. Chickpea is normally grown on residual 

moisture developed in the soil due to rainfall of the kharif season. Moisture supply during the growing period 

have  a strong influence on chickpea plant phenology. Flowering and pod setting stages are the most sensitive 

stages to water stress. There is drastic reduction in yield because of short of sufficient moisture during sensitive 

stages. However its production can be increased to a great extent by 2-3 life saving irrigations. This calls for 

accurate  water requirement  assessment at   appropriate time. Excess of water may lead to root borne diseases. 

On the other hand water stress may decline production. So, the knowledge of optimal water requirement is the 

key concern.  

Crop water requirement is the amount of water required to compensate the evapotranspiration (ETc) loss from 

the cropped field. A crop coefficient(Kc) relates the actual ETc at a given stage of crop  development to 

reference ET (i.e. ETo) calculated from meteorological data by  different equations depending upon data 

availability. If sufficient weather data are available, the standard FAO Penman–Monteith  formula  can be used 

for calculations of daily ETo (Allen et al., 1998). Actual ET i.e. ETc is then calculated using the estimated ETo. 

ETc =  Kc x  ETo                       (1) 

Abstract: Spectral vegetation indices have been often used for quantitative monitoring of biometric 

parameters of vegetation. Remotely sensed data vegetation indices data can be used to obtain rapid, 

accurate estimates of viable canopy attributes and related parameters. Crop coefficient is parameter of 

special interest for water management applications. Crop coefficient (Kc) based estimation of crop 

evapotranspiration(Etc)  is one of the most commonly used methods for irrigation water management. The 

standardized FAO56 Penman-Monteith approach for estimating ETc from reference evapotranspiration and 

tabulated generalized Kc values has been widely adopted worldwide to estimate ETc. It is very complicated 

to calculate site specific or spatial evapotranspiration which can lead to inaccurate determination of water 

requirement by using the above said method. In this distributed study, a modified approach for estimating 

spatial Kc values from remotely sensed data is presented. 

A study was conducted in  five centrally located districts of Maharashtra viz. Solapur,  Beed, Osmanabad,  

Pune and Ahmednagar. The ground truth work was carried out in the month of Dec 2011 and Dec 2012 for 

collecting  the information on sowing date, crop stage and other site specific parameters pertaining to the 

rabi dominant  crops like rabi sorghum, wheat and chickpea. This paper elaborate about study carried out 

pertaining to chickpea only. Multi temporal satellite images of IRS-P6 AWiFS sensor corresponding with 

chickpea growing period (2011 and 2012 season) were used and Normalized Difference Vegetation Index 

(NDVI) was generated for the corresponding dates. Ground truth information collected with the aid of GPS 

device and geotagged camera was precisely transformed on the multi temporal stack of satellite images. 

Vector corresponding to the field sizes were digitized and beneath pixels were used for estimation of spectral 

indices. The multidate NDVI values of the  identified locations of chickpea were correlated  with the  weekly 

crop coefficient values recommended by Mahatma Phule Krishi Vidyapeeth, Rahuri M.S.. It was observed 

that the NDVI pattern during the growing period is similar to the corresponding crop coefficient pattern. A 

regression model was developed to establish the relationship between NDVI  and the  crop coefficients (Kc) 

for  chickpea crop, It was found that there exists a good linear relationship between Kc and NDVI with a R
2 

value of 0.874  and a low root mean square difference. The results indicate that this approach can be a very 

useful tool for a large  scale estimation of spatial evapotranspiration using the estimated crop coefficient. 
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Crop coefficients are generally derived through field experiments using lysimeters  planted with the crop being 

studied and are typically at monthly intervals corresponding to the main growth stages of the crop. These crop 

coefficients are usually developed for crops grown under optimum agronomic conditions. Thus the calculated 

values are  only useful approximations of the actual ET and water requirements for a given crop. Doorenbos and 

Pruitt (1977) in FAO-24 publication have given tabulated values of Kc for different crops using lysimeters for 

the major stages of  crop development. However they have suggested to use modified/locally developed  Kc 

values. Lysimeter studies at Mahatma Phule Krishi Vidyapeeth Rahuri (2012) have recommended such 

weekwise Kc values for chickpea crop 

Precision irrigation management requires information for determining ETc under variable climatic and field 

conditions. Hence, accounting for spatial and temporal variations in water use with present crop coefficient 

procedures is extremely difficult. Use of such crop coefficients for irrigation scheduling can lead to over-

irrigation of crops, which can be a serious concern especially in water-short arid and semi-arid areas of the 

world (Santos et al., 2007). 

Satellite remote sensing offers a means to overcome some of the shortcomings of time-based Kc curves by 

providing real-time and/or near real-time spatial information on Kc and ETc use as per the actual cropping 

patterns. The potential for using multispectral vegetation indices(VIs) as near real-time surrogates for crop 

coefficients was proposed  by Jackson et al. (1980) who pointed out the similarity between the seasonal pattern 

of a VIs for crops  and that of the crop coefficient. The concept was eventually established by Bausch and Neale 

(1989) who derived Kc for corn in Colorado based on several VIs.  Limited research on this aspect has been 

done   so far to expand the development of VI-based crop coefficients for field crops. 

Considering this a  study was  undertaken for rabi  crops  sorghum, wheat and chickpea  in part of Maharashtra 

where these  crops are dominant. Very limited work pertaining to this aspect has been attempted in Indian 

scenario, hence paper assumes greater importance specially in case of chickpea 

 

II. MATERIALS AND METHODS 

The Study area 

The study area comprises of dominant rabi crops (sorghum, wheat and chickpea) growing centrally located five 

districts of Maharashtra i.e. Pune, Solapur, Ahmednagar, Beed  and Osmanabad.(Fig 1). The study area spans 

between 73° 15' 57" to 76° 47' 36" E  longitude  and 19° 59'40" to 17° 04'50" N latitude covering an area of 

65,716 Km
2 
( Fig.1).   A raster file containing above Area of Interest (AOI) was selected attributing to following 

geographical co-ordinates. 

Top  left  : Latitude     20°10' 45.801" N          Longitude  73° 12' 29.954"E  

Top  Right : Latitude     20°10' 45.801" N          Longitude  76 °59' 26.631"E 

Bottom left : Latitude     17° 03' 56.586"N          Longitude  73° 12' 29.954"E 

Bottom Right : Latitude     17° 03' 56.586"N          Longitude  76 °59 '10.791"E 

 

Remote Sensing Data and Software Used 

Multispectral images of  IRS- P6, AWiFS sensor of five consecutive months of rabi season (Oct-Feb) for  the 

year 2011-12 and 2012-13  were obtained from NRSC, ISRO, Hyderabad (Table 1 and Table 2).  AWiFS 

(Advanced Wide Field Sensor) have four bands, band- 1 is green (0.5-.59 μm), band-2 is red(.62-.68 μm) , band-

3 is Near Infra Red (NIR)(.77-.86 μm)  and band-4 is Middle infra red(MIR)(1.55-1.70 μm) with 56m resolution 

near Nadir and  70m near edge. It covers swath  of 740 km with radiometric resolution  10 bit . The projection 

and datum  of the data products are  Lambert Conformal Conic  and WGS 84 respectively.                           

The ERDAS  IMAGINE Software v. 9.1 and ArcGIS v. 10.1 software  were used  for all  analysis related to 

remote sensing and geogarphical information system (GIS) applications. 

 

Ground Truth Data 

Ground truth information corresponding to the time of satellite data acquisition was collected to validate the 

image interpretations. 16 fields  in each year were selected with relatively good spatial resolution. Detailed 

information like location coordinates of training sites by GPS and geotagged camera, sowing time, growth stage 

of crop, ground cover percentage, competing crops, crop infestation, soil type, moisture condition  and crop 

calendar etc., were  collected during field visit in December 2011 and December 2012. 

Normalized Difference Vegetation Index (NDVI) 

The most widely used and accepted vegetation index  i.e. Normalized Difference Vegetation Index (NDVI)  was 

selected for the study . The NDVI was calculated using spectral reflectance from visible and near infrared bands 

using following relationship (Rouse et al. 1973). 

                  
Where, NIR and R are reflectance in near infrared and red wavelength bands respectively. 

The digital Analysis 
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Digital analysis was carried out using Remote Sensing, GIS and Image processing software ArcGIS and 

ERDAS Imagine. It consisted of importing bandwise and layer staking the satellite data, digitization of study 

area, georeferencing the AWiFS images, clipping/subseting the area of interest from larger image and 

radiometric normalization. Ground truth sites were marked and a point and polygon vector layers were digitized 

ArcGIS. Non crop mask, toposheet layer and road network layer were also utilized for precise interpretation. 

The NDVI of each pure chickpea crop polygon was extracted by using signature editor and generating statistics. 

The mean  multi temporal values of chickpea polygon NDVI were considered for further analysis. 

 

Crop Coefficients of Chickpea Crop (Kc) 

The weekwise crop coefficients of the chickpea crop obtained from lysimeter studies recommended by 

Mahatma Phule Krishi Vidyapeeth  Rahuri, Maharashtra were used for the study.(Table 3)  

                                               

III. RESULTS AND DISCUSSION 

Generation of NDVI profile 

The Model Buider fuction in ERDAS Imagine was applied to get Normalized Difference Vegetation Index 

(NDVI) of each pixel of the subset image and NDVI image of the subset (AOI) was obtained for each date of 

pass. Thus 8 NDVI images each for the year 2011-12 and 2012-13 were obtained. A layer stack of the NDVI 

images was prepared for each year. Vector layers (point and polygon) of crops and non crop mask were added. 

Pure crop pixels of chickpea already marked by polygons were selected as AOI and added in signature editor in 

ERDAS Imagine to get statistics of NDVI of the crop polygons for each date. The statistics consisted of 

maximum value, minimum value, mean and standard deviation. This statistics corresponding to NDVI of each 

chickpea polygon was obtained The mean values of the chickpea crop polygon NDVI were used for further 

study. The NDVI values were distributed for different weeks after sowing of the crop  with consideration of 

ground truth date and ground truth information. Table 4 shows the average weekwise values of NDVI for pure 

chickpea crop pixels.  

NDVI–KcPattern: MPKV Rahuri has recommended chickpea crop coefficients based on method of calculating 

reference evapotranspiration (ETo) i.e. Penman-Monteith Method, Pan evaporation method and Hargreaves–

Samani method. These are denoted as KcPM, KcPE and KcHS respectively. The NDVI and Kc values were plotted 

against the number of weeks after sowing (Fig 2). It is clear from the figure  that  the NDVI and Kc curves have 

similar pattern with slight difference at the end. It is observed that the chickpea crop NDVI increases with the 

growth of the crop during initial, crop  development and mid season stage and  then decreases slowly during late 

season stage, whereas the Kc values also increase  up to crop development stage but  decrease  fast  during late 

season stage as compared to NDVI. Since watering is mostly required up to crop development stage the relation 

of NDVI and Kc can be utilized for irrigation scheduling.                                              

Relation between NDVI and Kc 

The averaged weekly NDVI values of the selected sites were determined through the satellite images and 

correlated with the weekly crop coefficients recommended by MPKV Rahuri  to develop regression equations. It 

was found that the chickpea crop NDVI have similar trend as that of chickpea crop coefficients and can be 

correlated linearly. Figs. 3, 4 and 5 show correlation of NDVI with crop coefficients of KcPM, KcPE,  KcHS with 

r
2
 values of  0.874, 0.837 and  0.775    respectively. The regression (correlation) equations so developed are: 

KcPM = 3.094 NDVI - 0.354                                         (2)   

KcPE = 2.942 NDVI - 0.344                           (3)           

KcHS = 2.535 NDVI - 0.220                                      (4) 

All the three equations show good linear relation indicating the correlation of chickpea crop Kc with NDVI. It is 

clear that recommended Kc obtained with lysimeter studies using Penman–Monteith method for ETo have 

shown highest correlation with NDVI followed by Pan Evaporation method and  Hargeaves-Samani method. 

This shows that the NDVI is highly correlated with chickpea crop Kc in  linear relation. 

 

IV. CONCLUSIONS 

Satellite remote sensing data and GIS techniques were applied to estimate chickpea crop coefficients. The 

regression equation Kc = 3.094 NDVI - 0.354 may be used for determination of Kc. This can help to calculate 

accurate and spatial water demand of chikpea. The results obtained are supporting the similar study conducted 

by Misra et al. (2005) for paddy crop (West Bengal), Ray and Dadhawal(2000) in Mahi river irrigation (2006)  
and Gontia and Tiwari(2010) for wheat crop in Tarafeni South Main canal irrigation command. Therefore the 

information generated can be used to schedule amount of water for higher production of chickpea. The present 

investigation can pave an innovative approach for optimizing irrigation water scheduling. This can also be 

extrapolated in the areas where similar kind of agroclimatic conditions exists.  
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Fig. 1: The study area 

 

Fig 2 NDVI and Kc pattern for chickpea 
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Fig. 3: Relationship of crop coefficient KcPM with NDVI 

 

                                 Fig. 4  Relationship of KcPE with NDVI values for Chickpea  

 

Fig. 5 Relationship of KcHS with NDVI values for Chickpea 
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Table 1: Multi-date  IRS-P6 AWiFS  2011-12 data used for the study 

 

                          Table 2: Multi-date  IRS-P6 AWiFS  2012-13 data used for the study 

 

 

 

 

 

 

 

 

 

 

 

Table 3: The crop coefficients for chickpea 
Week after sowing  

  
Method of calculating reference ET 

Penman Monteith Pan Evaporation Hargeaves-Samani 

1 0.85 0.77 0.83 

2 0.84 0.75 0.79 

3 0.88 0.79 0.80 

4 0.95 0.86 0.83 

5 1.04 0.95 0.89 

6 1.12 1.04 0.95 

7 1.18 1.11 1.01 

8 1.21 1.15 1.05 

9 1.20 1.15 1.06 

10 1.15 1.10 1.04 

11 1.05 1.01 0.97 

12 0.91 0.88 0.86 

13 0.75 0.72 0.72 

14 0.57 0.53 0.55 

15 0.38 0.35 0.37 

16 0.23 0.19 0.21 

17 0.12 0.09 0.11 

    (Ref. Krishidarshani 2012 MPKV Rahuri pp. 9-10) 

 

Table 4: NDVI of pure chickpea crop pixels 

Week 

No 

NDVI values Average 

NDVI 2011-12 2012-13 

2 0.235204 0.282037 0.258621 

6 0.493533 0.486944 0.490238 

8 0.495693 0.494649 0.495171 

9 0.500975 0.504399 0.502687 

11       0.406461 0.425996 0.416228 

13 0.298672 0.330111 0.314391 

15 0.206559 0.232471 0.219515 

16 0.192761 0.216209 0.204484 

 

Sr No Satellite Sensor Path Row Date of Pass 

1 IRS-P6 Awifs 097 059 25-10-2011 

2 IRS-P6 Awifs 100 059 09-11-2011 

3 IRS-P6 Awifs 097 059 18-11-2011 

4 IRS-P6 Awifs 096 059 17-12-2011 

5 IRS-P6 Awifs 098 059 27-12-2011 

6 IRS-P6 Awifs 095 059 19-01-2012 

7 IRS-P6 Awifs 096 059 24-01-2012 

8 IRS-P6 Awifs 098 061 03-02-2012 

Sr No Satellite Sensor Path Row Date of Pass 

1 IRS-P6 Awifs 097 058 19-10-2012 

2 IRS-P6 Awifs 098 059 11-11-2012 

3 IRS-P6 Awifs 098 059 29-11-2012 

4 IRS-P6 Awifs 098 059 11-12-2012 

5 IRS-P6 Awifs 098 062 27-12-2012 

6 IRS-P6 Awifs 097 059 11-01-2013 

7 IRS-P6 Awifs 097 58 23-01-2013 

8 IRS-P6 Awifs 097 059 04-02-2013 


