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• To better understand the field variability, we have 
recently collected apparent electrical conductivity 
data, and soil samples for textural and elemental 
analysis from two of the representative fields. 

• Along with satellite images, images with finer 
resolution obtained from drones will also be 
processed to check the field variability and their 
usage in delineating the irrigation MZs.

Future Goals

Fig. 4: Performance of various remote sensing indices in 
delineating the irrigation management zones compared 
to the one obtained from the field collected volumetric 

water content

• Field measured volumetric water content showed the 
potential of variable rate irrigation system.

• The preliminary results (Fig. 4) indicate that the 
satellite images did not address the field variability 
significantly. 

Results

Fig. 3:  Determining optimum number of management zones in 
two different fields using volumetric water content (VWC). VWC 

were collected before and after the harvest of alfalfa 

Results

Fig. 2: Showing the basic outline involved in the process 
of data collection and processing

Image processing, spatial analysis, and indices of interest 
calculation using various bands of Landsat images were 
performed in ArcGIS Pro (ESRI Inc., CA)

Different vegetation indices obtained from Landsat-8 
satellite images for the study were:

I. Normalized difference vegetation index (NDVI)

II. Green normalized difference vegetation index 
(GNDVI)

III. Simple ratio index (SR)

IV. Modified normalized difference water index 
(MNDWI)

V. Normalized difference moisture index (NDMI)

VI. Panchromatic band (Band-8)

Materials and Methods

• To assess the potential of variable rate 
irrigation in southern California desert 
agriculture to increase water use efficiency

• To identify the efficacy of satellite images to 
delineate MZs for site-specific irrigation
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• The global population is expected to be 9 
billion by 2050[1]. To meet the food demand of 
this growing population, production have to 
increase by at least 60% [2].

• Irrigation applications help to increase crop 
production. Agriculture withdraws about 70% 
of global freshwater and this rate will likely be 
increased to meet the increasing food 
demand[2].

• Development of efficient irrigation system is 
important to meet the  growing food demand 
[3].

• Precision agriculture:  data driven agricultural 
system that helps to apply agricultural inputs 
only in the place of need[4]. Site-specific 
irrigation is a part of precision agriculture 
which apply water only in the place of need in 
the agricultural field. Various remote sensing 
images and ground truth data including field 
water content or crop yield map can be used 
to determine the irrigation water need[5].

Fig. 1: Example map showing field variability because of 
varying amount of water content. Different colors 

represent different amounts of water present in the soil

• Dividing the field into well-informed 
management zones (MZ) for site-specific 
irrigation can help to increase water use 
efficiency

• Ground truth data needed for MZ delineation 
are not readily available and remote sensing 
proxies for delineating field in Southern 
California are not well-studied yet.

Introduction

• Study area: Imperial County

• Alfalfa field (2nd year of 
establishment

• Cloud-free publicly available 
Landsat-8 images were 
downloaded from USGS 

• Volumetric water content 
(VWC) was measured using 
time domain reflectometry 
sensors (TDR; TDR 350 
FieldScout, Spectrum Tech., 
IL) from the top 20cm soil 
depth
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A lateral move 
irrigation system.
Figure from: Irrigazette 
International Irrigation 
Magazine
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