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Research Questions

To determine if there is the potential to use remote sens-
ing data to distinguish between different pests and disease 
that might be observed in commercial fields in Minnestoa 
as tool to help growers with scouting and targeted pesti-
cide applications.

Results

   Reflectance data was collected from varietal trials for 
spring wheat and spring barley and from Bacterial leaf 
streak and Fusarium head blight (FHB) trials. Data analy-
ses is ongoing; Data presented here represents prelimi-
nary analysis of reflectance data collected from spring 
barley varietal trials as an example of the types of analy-
sis.  Figure 1 shows the % reflectance on the X axis plot-
ted against wavelength in nm on the Y axis for the plots 
associated with the spring barley varietal trial from a single 
date (07/02/15). Different colors represent different plots. 
From the graph it can be seen that irrespective of whether 
reflectance values were high or low for a given plot, the 
trend of reflectance across wavelengths was similar. The 
space between lines at individual wavelengths indicates 
variation in the reflectance response between plots. 

   Figure 2 shows the data for the reflectance data from the 
highest disease severity plots (Fig. 2a) and from the low-
est (fig 2b) for the spring barley data set. Fig. 2 shows that 
there was not a large difference between reflectance val-
ues for overall leaf disease levels between the lowest and 
highest disease severity. However, Fig. 2a does show that 
there are some clear differences between plots. Further 
analysis will be conducted to see if this is related to variety 
and/or the individual diseases present within a given plot.

   These data indicate that varietal response may cause 
variations in reflectance readings before adding disease 
as a contributing factor. There are some indications that 
wheat variety can influence spectral reflectance (Bertrand 
et al. 1985, Miralbés 2008) but this research was conduct-
ed on limited varieties.
Overall this data shows that there is a clear need for 
higher number of replications between varieties to be able 
to fully distinguish the extent of the differences between 
varieties.

   Normalized Difference Vegetative Index (NDVI) val-
ues were calculated for each plot.  NDVI is an index that 
reflects the health and stress levels in plants and is the 
relationship of reflectance between near infrared (NIR) 
and red wavelengths.  It is calculated as (NIR – Red)/
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(NIR+ Red); the reflectance values used were 800nm for 
NIR and 640 for Red.  An Analysis of Variance (Fig. 3) 
indicates there was a significant difference in the NDVI 
values of the various plots.  This indicates that whether dif-
ferences in reflectance resulted from variety or disease, it 
was great enough to differentiate between plots. Analyses 
separating wheat varietal plots and for individual disease 
plots is ongoing.    
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Application/Use

  Remote sensing technology has developed exponentially 
in the last few years, whether UAV mounted cameras or 
tractor mounted technologies. There is now a huge inter-
est in using these technologies in the agricultural arena for 
pest and disease scouting of fields which saves grow-
ers time, and ultimately inputs, by being able to identify 
problem areas within fields and target control measures 
accordingly. This could ultimately lead to more efficient 
use of pesticides and save money in times where inputs 
do not need to be applied.

Material and Methods

   A Flame -T Ocean Optics Spectrometer was used to 
collect reflectance readings from the canopies of small 
grains cereal plots planted at the Northwest Research and 
Outreach Center in the growing season of 2015.  

   All readings were taken on clear days between the hours 
of noon and 2 pm to minimize the impact of changing light 
conditions or reflectance readings. A spirit level was used 
to ensure the input and output fiber optics were main-
tained at constant angle to the crop canopy. Readings 
were collected from a foot above the canopy.

   Data was recorded at wavelengths between 400 and 
1000 nm. Data was analyzed using the Ocean View Soft-
ware V1.5, spectral curves and vegetative indices were 
created in Microsoft Excel, and statistical analyses were 
conducted using SYSTAT V13.4.
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Economic Benefit to a Typical 
500 Acre Wheat Enterprise

   Remote sensing is a constantly evolving technology and 
has enormous potential to help growers save time scout-
ing their crop and money by reduced pesticide applica-
tions. The extent to which remote sensing can ultimately 
reduce costs for growers will largely depend on the ability 
of the technology to accurately distinguish specific crop 
issues, in addition to whether growers will need to contract 
these services from commercial  providers, or be able to 
purchase and run their own set ups.  Using remote sens-
ing equipment to scout crop issues will also allow for less 
saving in man power by potentially reducing the need for 
more than one individual to scout and only visiting fields 
which look to have specific problems.

Recommended Future Research

   It is clear from the preliminary analysis of these data 
that the spectrometer could clearly distinguish differences 
between plots in reflectance values. Once analysis is com-
plete, we will be able to look at disease data and varietal 
data and see the relative sensitivity of the spectrometer 
to each of these factors. It is also clear that continuation 
of this work will require higher levels or replication to cope 
with the variation observed in reflectance readings be-
tween plots during the course of these experiments.

   Future research should involve a smaller set of varieties 
with a higher level of plot replication to tease out factors 
influencing spectral readings. 

   Once data has been collected from these types of exper-
iment, it should then be possible to compare these to UAV 
readings and determine the relative sensitivity of the two 
methods as validation of readings taken using a UAV. Ulti-
mately the UAV is likely to be one of the more time saving 
methods of reflectance data collection if the quality of the 
data and imagery is sufficient to distinguish pest issues. 
Using the spectrometer to analyze reflectance data is the 
first step in this valdiadtion process.

Fig. 1:   % Reflectance against Wavelength from MAT Barley Variety Trial Plots* 2015
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Fig. 2: Reflectance 
data from plots* with 
the highest disease 
severities (2A) and 
the lowest disease 
severities (2B)

Dependent Variable NDVI
N 108
Multiple R 0.087
Squared Multiple R 0.008
Adjusted Squared Multiple R 0.000
Standard Error of Estimate 0.011

Regression Coefficients B = (X’X)-1X’Y
Effect Coefficient Standard Error Std. Coefficient Tolerance T p-Value
CONSTANT 0.879 0.001 0.000 . 667.403 0.000
TOT_SEV 0.000 0.000 0.087 1.000 0.896 0.372

Analysis of Variance
Source SS df Mean 

Squares
F-Ratio p-Value

Regression 0.000 1 0.000 0.804 0.372
Residual 0.014 106 0.000   

Case 83 is an Outlier (Studentized Residual : -5.093)
Case 88 has large Leverage (Leverage : 0.187)
Case 97 has large Leverage (Leverage : 0.294)
Case 99 has large Leverage (Leverage : 0.187)
Case 100 has large Leverage (Leverage : 0.187)

WARNING
Information Criteria
AIC -656.701
AIC (Corrected) -656.470
Schwarz’s BIC -648.655

Fig. 3 Regression and ANOVA of NDVI vs Total % Disease Severity

Durbin-Watson D-Statistic 1.003
First Order Autocorrelation 0.497


