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Abstract: Remote Sensing (RS) and Geographical Information System (GIS) technologies were used
to estimate the acreage, productivity and production of wheat in Karlawad village of Karnataka, India.
Such estimations are important for taking management decisions in precision farming. A cloud free
LISS IV multispectral digital image of 5.8 m resolution of orbit 26798, path 202 and row 96, from
IRS P6 satellite acquired on December 15th, 2008 was used for the investigation. ERDAS IMAGINE
9.0 image analysis software and Arc GIS 9.0 software were used for data processing and analyses.
Vegetation indices such as Ratio Vegetation Index (RVI), Normalized Difference Vegetation Index
(NDVI) and Transformed Vegetation Index (TVI) were computed from spectral reflectance values of
wheat crop recorded at selected ground truth (GT) sites. The Leaf Area Index (LAI) of wheat crop
at GT sites was recorded by using the equipment  AccuPAR LAI meter of Decagon Devices Inc.
USA. The estimated values of RS and GIS based wheat acreage, productivity and production were,
82.64 ha, 2801.5 kg per ha and 231.52 tons, respectively. The values of the correlation (r) between
wheat productivity and NDVI, LAI, RVI and TVI were 0.892, 0.924, 0.892 and 0.890, respectively.
Three productivity models using NDVI and LAI values either alone or in combination were compared
for their performance. Among these models, a multiple regression model based on combination of
NDVI and LAI with R2 value of 0.87 was found to explain the yield variability better than simple
regression models based on either NDVI (R2 of 0.80) or LAI (R2 of 0.85). The study further revealed
that the RS and GIS based estimations of acreage, productivity and production deviated from the data
of Karnataka State Department of Agriculture (KSDA) by +3.19, +10.76 and +13.61 percent,
respectively.
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INTRODUCTION

Due to its high nutritive and strategic value, wheat is accorded a premier position among cereals and vast
acreage is devoted to its cultivation around the world. Wheat is grown over a wide range of latitudes covering
a considerable diversity of conditions. The largest quantities of the best wheat are produced in the countries
favored with cool and moist weather during a fairly long growing period followed by dry and warm weather.
The cultivation of wheat is so widely distributed geographically that the crop is being harvested in one country
or another any time of the year.

Crop acreage, productivity and production estimates are very crucial in planning and developmental
activities of different government agencies. Remote Sensing (RS) and Geographical Information System (GIS)
techniques are extensively used to estimate acreage and production of agricultural crops throughout the world.
Normalized Difference Vegetation Index (NDVI) values computed from spectral reflectance in Red and Near
Infrared (NIR) bands from cropped areas have been found to be reliable in doing so. Need based crop acreage,
productivity and production estimates can be undertaken at various scales using satellite imagery of matching
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resolutions, since accuracy of estimates generally depends on the image resolution. Few of several such RS
and GIS based estimates pertaining to wheat crop are presented here.

Sensor characteristics such as spatial, spectral and radiometric resolutions and scene characteristics such
as field size, acquisition date etc., affect accuracies of area inventory and production estimates (Dadhwal, et
al 2002). Major winter crops such as wheat, rapeseed mustard and sugarcane were discriminated from single -
date AWiFS image of IRS - P6 satellite with an accuracy of more than 80 per cent (Patel, et al 2006).
Significant correlation was observed between estimated wheat productivity and Normalized Difference
Vegetation Index (NDVI) at flowering stage (Gajjar, et al 2005). The field level  evaluation of Landsat ETM
data for wheat, resulted in a close agreement between ground and remote sensing (RS) based estimates,
demonstrating the ability of RS to estimate productivity across the landscape (Lobell, et al 2005). Wheat
productivity was estimated at the provincial level in Italy, through the use of NDVI with high accuracy and
the correlation coefficient values between estimated and measured productivity ranged from 0.73 to 0.77
(Moriondo,et al 2007). MODIS-NDVI  data was used for wheat productivity estimation with fairly high
accuracy in USA (Wang and Lin, 2005). The main objective of the present research study was to estimate
wheat acreage, productivity and production by using remote sensing(RS) and GIS techniques. 

MATERIAL AND METHODS

The study was undertaken during post-rainy season of 2008-2009, in Karlawad village of Navalgund
taluka, Karnataka state in India. The study area is situated between 15º 29' 25" N  to 15° 30' 36" N latitude
and 75° 13' 48" E  to 75º 19' 48" E longitude (Plate1). The village is grouped under the northern dry zone
(Zone-3) of Karnataka and has a geographical area of 1032.15 hectares. Malaprabha Right Bank Canal is the
main source of water for irrigation of crops in the region.

The ground truth (GT) sites for collection of data required for the current investigation were selected after
conducting a preliminary survey of the region predominant in wheat crop. The GARMIN 12 GPS receiver was
used to collect the information on geographical location of the ground truth sites.

A single date cloud free LISS IV multispectral digital image of 5.8 m resolution of orbit 26798, path 202
and row 96 from the IRS P6 satellite (Plate 2) was used for the investigation. The image acquired on
December 15th, 2008 coincided with the peak vegetative stage to 50 percent ear head emergence stage of 
wheat crop in the study area. 

ERDAS IMAGINE 9.0 image analysis and Arc GIS 9.0 software programs were used for processing and
analyzing the RS and GIS data. The Survey of India topographical maps of 48 M/2, M/6, M/7 on 1:50,000
scale were used as reference maps, since Karlawad village was positioned at the corners of these topo-sheets.
After geo-referencing of the cadastral map of Karlawad village, demarcation of the village boundary, transport
network and cultural features etc. was carried out. 

Spectral reflectance of wheat crop canopy in Red (R) and Near - Infrared (NIR) bands was recorded with
the help of a hand held multiband ground truth spectro -radiometer ( Skye Instruments Ltd. United Kingdom:
Model SKL 904 Spectrosense 2 Display Meter). The spectral reflectance values were recorded on December
15, 2008  and used for computing vegetation indices as indicated below.  

Vegetation Indices:
Vegetation indices are quantitative measurements indicating the vigor of vegetation. In the present study,

Transformed Vegetation Index (TVI), Normalized Difference Vegetation Index (NDVI) and Ratio Vegetation
Index (RVI) values were computed from spectral reflectance values of wheat crop recorded at GT sites. 
1) TVI= � NDVI+ 0.5 (Rouse, et al 1973)
2) NDVI =  ( NIR - R ) / ( NIR + R ) (Rouse, et al 1974) 
where, NIR and R are the reflectance values in the Near-Infrared and Red region, respectively.  
3) RVI =   IR / R (Pearson, et al 1976)

where, IR is the reflectance in infrared region and R is the reflectance in red region.

Leaf Area Index (LAI):
LAI is defined as the area of leaves per unit land area. It is a very valuable index that helps to assess crop

canopy density. It has high correlation with biomass and productivity of crops. LAI at each ground truth site
was recorded using AccuPAR LAI meter Model LP-80 (Decagon Devices, Inc. USA), which calculates LAI
based on the above and below-canopy PAR measurements, along with other variables that are related to the
canopy architecture and position of the sun. 
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Fig. 1: Location map of the study area

Fig. 2: Enhanced FCC subset image of the study area derived from IRS P6 LISS IV of 15th December 2008,
showing locations of the selected GT sites

Wheat Area Estimation Using RS and GIS:
Individual field boundaries of the village were digitized with reference to survey boundary in cadastral map

of village and satellite data. Locations of wheat fields and other crops in the study area were recorded using
hand held Garmin GPS receiver. These noted locations were used to identify wheat and other crops in the
study area. After digitization, each individual feature in the village was assigned a code (e.g. wheat-1, maize-2
etc.). The area under different feature classes was calculated by using statistics option in the Arc Map software. 
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Wheat Productivity and Production Estimation:
Erdas Imagine software was used to prepare NDVI map, while the wheat crop class was used for

productivity predictions. The visible and NIR channel data pertaining to the IRS P6 LISS IV image were
transformed in to NDVI image in Erdas Imagine Modeler panel by running the NDVI model. The resultant
NDVI image of wheat crop class was used for productivity estimation. Productivity modeling was based on
NDVI, LAI and combined values of NDVI and LAI. The regression equations of wheat productivity and
NDVI, LAI and NDVI + LAI were used for productivity estimation. The total production of wheat crop in
the study area was calculated by using the following relationship:

Production (Tons) =Acreage (ha) x Productivity (kg/ha)

The RS and GIS based acreage, productivity and production estimates of wheat in Karlawad village were
compared with the values reported by Karnataka State Department of Agriculture (KSDA). The comparison
was made by computing the Relative Deviation (RD) percentage by using the following formula:

RD (%) = (RS - KSDA) / RS x 100

where,  RS - Remote Sensing and GIS based estimates
KSDA - Values reported by Karnataka State Department of Agriculture
Generation of Output maps: Map composition panel of Erdas Imagine and Arc GIS software were used

to generate high quality output maps showing raw image, enhanced false colour composite (FCC) classified
image and NDVI image.

RESULTS AND DISCUSSION

The area occupied by wheat crop in Karlawad village was estimated using LISS IV digital image of  IRS
P6 satellite acquired on December 15th, 2008. This date coincided with the maximum vegetative growth to 50
per cent ear head emergence stage of wheat crop in different GT sites. Land use and land cover classification
of the study area based on the IRS P6 LISS IV image of 15th December 2008 (Plate 3) indicated that wheat
crop occupied an area of 82.64 ha, out of the total cropped area of 892.43 ha, which included 287.44 ha of
fallow land.

The spectral reflectance of wheat was slightly higher in green region, low in red region and very high in
Near - Infrared region in most of the GT sites. The NDVI, RVI and TVI values of wheat crop ranged from
0.09 to 0.34, 1.20 to 2.04 and 0.77 to 0.92, respectively, in the selected GT sites (Table 1). In general, lower
NDVI and LAI values were observed in the study area. The NDVI values were lower in GT sites (Plate 4)
where the crop canopy coverage was poor and did not fully cover the underlying soil as evidenced by
corresponding lower LAI values. This was further supported by lower reflectance in NIR region and
comparatively higher reflectance in green region, due to lower absorption of NIR and higher reflection of green
radiation by soil surface. Vegetative indices based on spectral reflectance values of crop canopy gave a good
indication of biomass production of wheat crop. These results coincided with an earlier report on the
potentiality of using remote sensing techniques for prediction of biomass yield over large areas (Kalpana, et
al2000).

The regression analysis between wheat productivity, vegetation indices and LAI showed highly significant
correlation (Table 2) between productivity and NDVI (r = 0.892), LAI (r = 0.924), RVI (r = 0.892) and TVI
(r = 0.890) at 1 percent level of significance. Good correlation between productivity and NDVI values from
peak vegetative stage to 50 percent ear head emergence stage was discernible in the present study. Similar
results of significant correlation between wheat grain productivity and NDVI values of maximum vegetative
growth stage (Ajwani and Dubey, 1990), booting to anthesis stage (Ren, et al 2008) and optimum grain fill
stage (Rydberg and Sodersrom, 2001) were reported earlier. The two stage model (TSM) had lower root mean
square error, higher estimation accuracy and modeling efficiency than either booting model (BM) or anthesis
model (AM) (Wang,et al2006).

Productivity prediction models
The following models were developed to predict Wheat Productivity (WP) using NDVI values from peak

vegetative stage to 50 per cent ear head emergence stage. 

1. WP = 13.64 + 91.75 NDVIK
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            where, NDVIK = NDVI of wheat crop in Karlawad village

2. WP = 8.16 + 19.56 LAIK

   where, LAIK = LAI of wheat crop in Karlawad village

3. WP = 9.04 + 33.36 NDVIK +13.41 LAIK

   where, NDVIK= NDVI of wheat crop in Karlawad village

     LAIK= LAI of wheat crop in Karlawad village

Fig. 3: Land use and land cover classification of the study area based on the IRS P6 LISS IV image of 15th

December 2008

Fig. 4: Pseudo colour NDVI map of the study area pertaining to  15th Dec. 2008 (Orbit 26798, path/row
202/96)

Results of the present investigation indicated that wheat productivity modeling is possible by using NDVI
and LAI values from peak vegetative stage to 50 per cent ear head emergence. Among the three models,
multiple regression model based on NDVI and LAI explained the relationship better (R2 = 0.87) than the
simple regression models based either on NDVI (R2 = 0.80) or LAI (R2 = 0.85). Incorporating LAI values in
addition to NDVI values, resulted in increased productivity estimation accuracy, as evidenced by higher
coefficient of determination (R2 = 0.87) for the productivity model. Due to strong correlation between LAI and
crop productivity and its crucial importance, it was considered as an important criterion in winter wheat
production estimates (Bavec,et al2007). However, combination of LAI and NDVI values was found better for
productivity and production estimates of wheat, than using only NDVI values (Colombo, et al 2003).

3136



Aust. J. Basic & Appl. Sci., 4(8): 3132-3138, 2010

Table 1: Vegetation indices and productivity (kg ha-1) of wheat crop in selected GT sites in the study area
GT site No. Latitude Longitude NDVI RVI TVI LAI Productivity(kg ha-1)
1 15° 30'15.8" 75° 14' 42.8" 0.15 1.35 0.81 0.8 2278
2 15° 30'10.8" 75° 15' 25.5" 0.15 1.36 0.81 0.83 2482
3 15° 30' 22.1" 75° 15' 51.0" 0.09 1.2 0.77 0.71 1809
4 15° 30' 11.4" 75° 15' 57.3" 0.21 1.52 0.84 1.4 3485
5 15° 30' 09.8" 75° 16' 08.9" 0.25 1.65 0.86 1.26 3600
6 15° 30' 09.8" 75° 16' 17.5" 0.11 1.24 0.78 1.01 2830
7 15° 30' 09.7" 75° 16' 19.7" 0.21 1.52 0.84 1.07 3025
8 15° 30' 09.5" 75° 16' 24.4" 0.18 1.44 0.82 0.91 2750
9 15°30' 16.7" 75° 16' 14.1" 0.31 1.88 0.9 1.96 4183
10 15° 30' 25.6" 75° 16' 44.8" 0.13 1.29 0.79 0.97 2448
11 15° 30' 10.6" 75° 16' 39.9" 0.13 1.3 0.8 1.07 3050
12 15° 30' 03.1" 75° 16' 52.1" 0.13 1.31 0.8 0.97 3246
13 15° 30' 15.2" 75° 17' 47.6" 0.28 1.31 0.88 1.66 4225
14 15° 30' 26.2" 75° 19' 21.7" 0.34 2.04 0.92 1.71 4435
15 15° 30' 23.4" 75° 16' 23.1" 0.16 1.38 0.81 1.09 2473

Table 2: Correlation coefficient (r) between productivity (kg ha-1) and vegetation indices and LAI in wheat
Variable Correlation coefficient
RVI 0.892**
NDVI 0.892**
TVI 0.890**
LAI 0.924**
** Significant at P=0.01

Table 3: Comparison of acreage, production and productivity estimates of RS and GIS with that of KSDA (2008-09) 
Particulars RS and GIS KSDA Relative Deviation
Acreage (ha) 82.64 80.00 +3.19
Production (tons) 231.52 200.00 +13.61
*Productivity (kg ha-1) 2801.50 2500 +10.76
KSDA- Karnataka State Department of Agriculture *Multiple regression model based on NDVI and LAI was used for productivity
estimation

The RS and GIS based acreage, productivity and production estimates of wheat crop were compared with
the data of Karnataka State Department of Agriculture (KSDA). The estimated acreage, productivity and
production values deviated by +3.19, +10.76 and +13.61, respectively (Table 3). The greater accuracy of wheat
area estimation may be attributed to the higher resolution (5.8 m ) of the multispectral image of IRS P6
satellite used in the study.

Conclusions:
The wheat crop covered an area of 82.64 hectares in Karlawad village, with a productivity of 2801.50 kg

per ha and production of 231.52 tons, as per the RS and GIS based estimates. The estimated values of area,
productivity and production deviated  from the estimates of Karnataka State Department of Agriculture by
+3.19, +10.76 and +13.61 per cent, respectively. Multiple regression model based on NDVI and LAI  was
found better for productivity and production estimates of wheat, than the models using either NDVI or LAI.
The accuracy of estimation was higher due to the higher resolution (5.8m) of the multispectral satellite imagery
used in the study. The estimation accuracies can be improved further, by using still higher resolution images
available from satellites such as IKONOS, Quick Bird, etc. Such estimates would be of great use in precision
agriculture.
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