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Remote sensing is an innovative, timely, non-destructive and spatially comprehensive 

approach to improve existing in-season crop production management practices. Remote 
sensing typically provides several narrow spectral bands (~ 3 to10 nm), which can capture 
fine absorption features of crop nutrients (e.g., leaf chlorophyll, water and nitrogen). So far 
many studies have indicated that remote sensing can be effectively applied to predicting crop 
parameters/variables, such as leaf area index, biomass, foliar N concentration, and leaf 
chlorophyll content.  

 
The methods used to predict/model crop biophysical (e.g., LAI, biomass, yield) or 

biochemical (e.g., leaf nitrogen, leaf water, chlorophyll) variables mainly focus on building 
predicting algorithms between spectral signals and field measurements. A typical model 
predictor is vegetation indices (VI), which are mathematical combinations of reflectance at 
two or more spectral bands. VIs allow for reliable spatial and temporal inter-comparisons of 
terrestrial photosynthetic activity, quantify vegetation biomass, investigate canopy structural 
variations, and evaluate plant vigor for each pixel in a remote sensing image. Overall, VIs 
can measure the state of the plants’ health based on how the plant reflects light at certain 
spectral bands. In addition, VIs contribute to maximizing sensitivity to the vegetation 
characteristics while minimizing confounding factors such as atmospheric effects, 
directional or soil background reflectance. For example, normalized difference vegetation 
index (NDVI) has been widely used in previous studies due to its simple application to 
monitoring vegetation dynamic at regional and global scales.  
 

There has been ample evidence showing that foliar N in a wide variety of crops can be 
mapped from remote sensing imagery, but most studies are based on commodity crops. Our 
proposed project will take advantage of different vegetation indices using machine learning 
methods on multiple vegetable crops over three growing seasons. The result will be an app 
that generates immediate (“low-latency”) maps of crop foliar nitrogen concentration 
indicating the instant crop N status at different growth stages across the field, as well as in-
season predicted maps of final yield over the entire field. This app will offer a tremendous 
opportunity for highly efficient near real-time vegetable crop nutrient management by 
vegetable farmers. 

 
We have used three machine learning models {decision tree (DT), support vector 

machine (SVM), and random forest (RF)} that used normalized difference vegetation index 
(NDVI) to predict the N status and final yield of four potato cultivars (two russets  
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including Silverton and Lakeview Russet, two chippers including Snowden and Hodag) 
grown at the Univ. of Wisconsin Hancock Agriculture Research Station (HARS) in 2018 
and 2019. Our preliminary results demonstrate that NDVI has great potential of predicting 
the potato N status indicated by petiole NO3-N, whole leaf total N, or whole vine total N as 
well as end-of-season total yield (Table 1). We used R2 that ranges from 0 to 1 to measure 
goodness-of-fit for the models. The higher the R2, the better the prediction. It is considered 
to be very good prediction if R2 is higher than 0.75. 
 

For nitrogen status, using NDVI to predict petiole nitrate-N generated the best R2 
results for both potato types, compared to whole leaf total N and whole vine total N. For 
total yield prediction, DT and RF were better than SVM, and the results for 2019 was better 
than 2018 (Table 1).  
 
 
Table 1.  The petiole, whole leaf, whole vine, and total yield coefficient of determination 

R2 results for the two potato types in the 2018 and 2019 seasons.  DT = decision 
tree; SVM = support vector machine; RF = random forest. 

 
 Chipping potato  Russet potato 
Regression models 2018 2019  2018 2019 
 Petiole Nitrate-N 
DT 0.813 0.916  0.769 0.958 
SVM 0.809 0.913  0.664 0.932 
RF 0.814 0.931  0.773 0.957 
 Whole Leaf Total N 
DF 0.755 0.872  0.797 0.914 
SVM 0.184 0.162  0.144 0.133 
RF 0.813 0.856  0.809 0.935 
 Whole Vine Total N 
DF 0.800 0.216  0.722 0.650 
SVM 0.145 0.132  0.089 0.019 
RF 0.819 0.315  0.728 0.676 
 End-of-season Total Yield 
DF 0.332 0.627  0.361 0.742 
SVM 0.126 0.426  0.005 0.461 
RF 0.444 0.738  0.418 0.794 

 
So far, we have found that: (1) decision tree and random forest are better than support 

vector machine for predicting both in-season N status and end-of-season yield for potatoes; 
(2) petiole nitrate-N can be better predicted using NDVI and machine learning models 
compared to the other potato traits. We need to validate the models and expand this work 
using more years of data collection on more vegetable crops. 
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