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Recent L band dielectric measurements of corn stalks have shown a periodic behavior between node and internode 
measurements.  Based on these measurement results, a corn stalk has been modeled by a dielectric cylinder with a 
periodic dielectric variation along its length.  The development of this model is part of an effort to understand how 
backscatter and emission from vegetation is related to its moisture content and to its physical structure.  Researchers 
using L band satellite measurements of soil moisture can employ these and similar model results to determine the effects 
of vegetation on soil moisture measurements from space.  

The present dielectric measurements of corn plants were part of an experiment conducted in 2012 at the USDA 
Agricultural Research Service in Beltsville, Maryland.  Radiometer/radar measurements were made by a truck-mounted 
radar/radiometer (ComRAD) designed to simulate SMAP satellite frequencies of operation and its angle of incidence.  
The radar operated at 1.25 GHz while the radiometer received signals in the 1400 to 1427 MHz band.  Measurements 
were taken at an incident angle of 40 degrees.  The radar measured HH, VV and cross pol while the radiometer measured 
H and V.  Although the spot size of these instruments was considerably smaller than SMAP’s radar or radiometer spot 
size, the measurements could be taken during the complete vegetation growing cycle.  Aircraft could be used to 
illuminate a substantially larger area, but their observation times would be limited. 

Measurements of corn and soybeans were made in Beltsville, MD from June 1, 2012 through October 24, 2012.  The 
USDA-ARS (US Department of Agriculture-Agricultural Research Service) planted the crops on heavily instrumented 
fields.  In situ soil moisture, soil temperature, and leaf wetness sensors were installed by USDA to provide continuous 
ground truth data.  In addition, soil moisture data were collected manually twice a week along with weekly plant 
architectural, biomass/water content and density measurements. 

Dielectric measurements of corn plants from the field were performed 5 times during the growing season. A network 
analyzer with a coaxial probe was used to make the measurements. Dielectric measurements of corn leaves, stalks, and 
cobs were made. Stalk dielectric values were obtained from stalk cross sections.  The stalk cross sections were cut at 
nodes and at internode (halfway between nodes) positions over the entire length of the stalk.  Nodes are defined as the 
positions where leaves are attached to the stalks.  It was found that much higher values of dielectric constant occurred at 
node positions while lower dielectric values were recorded at internode positions (likely due to a larger concentration of 
water at the node positions).  The differences in the real part were three to four times as large. Based on these 
measurements, it appeared difficult to determine one dielectric constant for the whole stalk.  As a result, the stalk was 
modeled as a periodic cylinder. 

A discrete scatterer model in conjunction with the Distorted Born Approximation (DBA) was used to model the corn.  
Plant stalks were represented by periodic lossy dielectric vertical cylinders and the corn leaves by lossy elliptical 
dielectric disks.  The vertical stalks were distributed uniformly over the area of observation; no attempt to take row 
properties into account was made.  The ground was assumed to be flat.  Forward and bistatic cross sections were obtained 
from a physical optics leaf model. The cross sections for the periodic stalks were found by employing commercial 
numerical software (FEKO) and by transferring the results to the DBA program. Backscatter results were computed at 10 
through 60 degrees with an increment of 10 degrees; only like-pol results were modeled.  The results were compared 
with radar data for several of the days on which plant dielectric measurements were made.  The comparison between 
experimental and model results was quite good.  An attempt was made to replace the periodic cylinder with an equivalent 
homogeneous cylinder.  It was found that by averaging the node and internode dielectric values, a reasonable equivalent 
cylinder could be found. The results of passive models will not discussed in this paper. 


