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Spectral radiometer to control variable-rate N 
applications for corn:  Final report 
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Division of Plant Sciences, Univ. of Missouri and USDA Agricultural Research Service 

Objectives/relevance: 
! Develop correction formulas so that the spectral radiometer will give the same color reading 

(and same N rate recommendation) for the same plants regardless of time of day or cloud 
conditions. 

! This objective is in support of variable-rate N applications based on on-the-go crop 
measurements with the spectral radiometer. 

! Our previous research has shown that crop color measurements gives more reliable N rate 
recommendations than other ways of diagnosing N need. 

 
Procedures: 

! We measured reflectance from corn with the Crop Circle passive spectral radiometer at four 
different wavelengths (460, 550, 670, 800 nm) 

! Spectral radiometers were mounted in a stationary position above corn plants and readings 
were taken every two seconds throughout the day.  Corn plants were anywhere from 1 to 6 
feet tall at the time that readings were taken. 
" Readings started in May with corn grown in the greenhouse and moved in pots to 

Sanborn Field. 
" Readings continued from June to October on corn planted at MU’s Bradford Farm east of 

Columbia.  Corn was planted about every two weeks starting at normal planting time and 
continuing throughout the summer and fall.  Thus we had knee-high to head-high corn all 
season long on which to make measurements. 

" We ended up with over 60 days of readings from morning until night. 
" Mathematical correction functions were developed using regression analysis. 

            
Results: 

! Analyses focused on the green (550 nm) and near-infrared (NIR) (800 nm) bands, since 
these wavelengths have been shown in previous research to be the best predictors of N rate 
needed. 

! Reflectance measured with the spectral radiometer tended to be highest in the morning and 
evening and lower in mid-day.   
" The size of the fluctuations was enough to change N rates substantially based on the 

prediction equations that we have developed. 
" Thus there is a need for correction factors to produce sound N rate predictions. 

! Correction factors for these two bands and indices combining them were developed and are 
shown in Table 1. 

! Applying these correction factors considerably reduced the variability in green and near-
infrared reflectance and their combinations (Table 2 and Figure 1). 

! Most researchers and industry have moved toward sensors that have their own pulsed light 
source as a way to reduce variability in reflectance readings as sun conditions (angle, clouds) 
change.   
" Thus the need for the correction factors that we developed has gone down. 
" However, no one has shown that active-light sensors are stable over the course of a day.  

Our preliminary evidence shows that correction factors are probably needed. 
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Table 1 - Regression coefficients for corn reflectance measured in the green band (R550) 
and the near-infrared (NIR) band (R800) and for two indices combining green and NIR 
[NIR/Green and the Green Normalized Difference Vegetative Index (GNDVI)] as a 
function of time, sun angle (ψ), and sky clearness (instantaneous clearness index or ICI). 
N Input was 180 kg/ha.   All coefficient estimators were significant at a 99.9% probability 
by F test. 

 

R550 R800 NIR/Green GNDVI
Intercept

0.039439 -0.355467 -15.925667 -0.588222

tC 0.001758 -0.008466 -1.090882 -0.064520
tC

2 -0.002853 0.051488 2.627776 0.157035
ψC 0.001611 -0.026595 -1.341824 -0.080509
ψC

2 0.000021 -0.000300 -0.016406 -0.000980
ICI550 0.017537 0.111122
ICI550

2 -0.013960 -0.093015 -1.129808 -0.065197
tC X ψC -0.000010 -0.000110 -0.002055 -0.000129

tC X ICI550 -0.002501 -0.006937 0.629987 0.037257
ψC X ICI550 -0.040053 -0.002080

R2 0.824 0.868 0.736 0.734  
 
 
Table 2 - Descriptive statistics of uncorrected and corrected reflectance for green (R550), 
near-infrared (R800), NIR/Green, and GNDVI.  Indices are thought to change less with 
changing conditions, but clearly they benefited greatly from correction for time, sun angle, 
and clearness since correction reduced variability in both indices by 48%.  The individual 
wavebands green and NIR benefited even more from correction, with a 58 to 64% reduction 
in variability. 

Mean Minimum Maximum Standard 

Deviation

Coefficient 

Of  

Variation

Coefficient 
Of  

Variation 
Reduction

R550 0.0206 0.0118 0.0363 0.0044 21.5%
CorrR550 0.0206 0.0128 0.0257 0.0019 9.0% 58.0%
R800 0.0980 0.0619 0.1795 0.0211 21.6%
CorrR800 0.0980 0.0587 0.1177 0.0077 7.8% 63.7%
NIR/Green 4.7942 3.8602 6.4519 0.5133 10.7%
CorrNIR/Green 4.7942 4.0263 5.6473 0.2639 5.5% 48.6%
GNDVI 0.6521 0.5885 0.7316 0.0306 4.7%
CorrGNDVI 0.6521 0.6096 0.7022 0.0158 2.4% 48.5%  
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Figure 1- Corn reflectance measured in the green band (R550) (top) can change by a factor of 
two during the day.  Usually highest values occur in the morning, drop till afternoon, then go 
back up as evening approaches.  Several days worth of data are shown.  Applying correction 
functions from Table 1 to the data in the top graph results in much more stable data over the 
course of the day (bottom).  This makes the use of these spectral radiometer reflectance 
measurements much more practical for variable-rate N application.   
 


