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Objectives

Using citrus leaf  symptoms as a tool for diagnosing nutrient deficiencies, 
diseases and pest damage 

A brief  introduction to artificial neural networks and their potential use in 
agriculture 

Development of  a smartphone app for diagnosing citrus leaf  symptoms with AI 

Introduction to the Citrus Diagnosis web app 

Using diagnostic information to make management decisions



Diagnostics
The condition and appearance of  citrus 
leaves can provide useful actionable 
information about citrus tree health 

Disease 

Nutrient 

Pest 

Herbicide 

Salt damage 

Sunburn

Iron deficiency 



Diagnostics

There are instances where certain 
symptoms are similar or may vary 
depending on the cause 

The correct diagnosis of  these symptoms 
many times takes years of  field 
experience 

Ex. nitrogen deficiency, Phytophthora or 
girdling?



Diagnostics 
Varying symptoms that are specific to a diagnosis 
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Diagnostics

The correct 
identification of  
nutritional deficiencies 
critical when 
associated within an 
endemic HLB 
environment 

Key to this is the 
correct identification 
of  those deficiencies 
allowing for the 
application of  the 
appropriate type of  
fertilizer

Mg Mn Zn Fe



Diagnostics

Disease and 
pest symptoms 
on citrus leaves 
can cause 
chlorotic 
patterns that 
can sometimes 
be mistaken for 
nutritional 
deficiencies

Greasy  
spot

Citrus  
canker

Spider 
mites HLB



Artificial Neural 
Networks

Artificial intelligence as deep learning models  
can help as they are fast and accurate 

Objective identification



Artificial Neural Networks (ANN) - Deep Learning
Deep convolutional - artificial neural networks (2012) 

Excellent accuracy in image recognition 

Technology used for face recognition, image search engines, self-driving cars



ANN- Deep Learning



ANN - Automated objective detection
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Hypothesis - An AI machine-vision diagnosis system may  
outperform the diagnosis by novice and expert human scouts

UF Master of  Science study on machine vision: P. Mungofa



Smartphone App Development

Project Research Objectives 

To train a deep convolutional artificial neural network (DC-ANN) to recognize nutrient 
deficiencies, pests and diseases on citrus leaves 

Validate the performance of  the trained network to identify symptoms on new and unknown leaf  
samples 

Compare the model predictions with diagnosis made by nutrient concentration measurements and 
human experts 

Augment the DC-ANN with images of  leaf  symptoms representing other causes: pests, diseases, 
plant growth regulators (unknown class) 

Deploy the validated final DC-ANN as a smartphone app



Smartphone App - Analyze Citrus Leaf  Symptoms with a 
Smartphone
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Smartphone App - Materials and Methods

Neural network training 

Collect digital photos of  symptomatic and healthy leaves 

Standard android smartphone camera, 1 leaf  per frame 

Approximately 600 images per class



Smartphone App - Materials and Methods

16 Classes of  leaf  symptoms 

Nutrient deficiencies 

Nitrogen 

Magnesium 

Iron 

Manganese 

Zinc 

Pests 

Spider mites damage 

Leafminer damage 

Thrips damage 

Asian citrus psyllid 
damage 

Diseases 

HLB 

Citrus canker 

Greasy spot 

Citrus scab 

Phytophthora 

Other 

Healthy 

Unknown



Smartphone App - Materials and Methods

Neural network 
training,  

Trained until 
convergence,  

9600 leaves both 
sides



Smartphone App - Materials and Methods

Validation for each symptom class was done 

Photos for testing the model were separately obtained from independently sampled 
leaves 

The trained model was used to predict with the test images 

After photographing the leaves, laboratory determination of  nutrient concentrations 
was done by commercial lab 

Validation accuracy was scored by percentage correct diagnosis according to expert 
assessment of  the leaves, as well as the agreement with nutrient concentrations.



Smartphone App - Discussion
Average accuracy of  the 16 classes was 99.7% 

The trained network was able to detect all nutrient deficiencies on single leaves with 99 to 100% accuracy 

Able to distinguish between subtle differences in chlorosis expression between different symptoms, including dual 
symptoms like Mn+Zn or Fe+Mn and HLB



Smartphone App - Discussion
There are leaf  surface differences in pest and disease detection 

Symptom lesions of  canker, greasy spot, are strongly developed on the lower leaf  surface 

Prediction accuracies were significantly higher for greasy spot on the lower vs the upper leaf  surface 

 Differences we NS for canker since lesions penetrate the entire leaf  surface



Smartphone App - Discussion
Trained AI image classification models are more accurate than 
novice or expert humans at diagnosing leaf  symptoms

Credit: P. Mungofa, University of  Florida MS thesis, October 2020



Smartphone App - Application

http://
www.makecitrus
greatagain.com/
SmartphoneApp.

htm

http://www.makecitrusgreatagain.com/SmartphoneApp.htm
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Smartphone App - Application





Smartphone App - Application

It is only as good as 
the data entered, so 
present good quality 

data 





Smartphone App

Other spinoffs from the leaf  diagnosis research 

Understanding what the trained AI model is looking at when it diagnoses the 
different symptoms 

Making sense of  unexpected results i.e. can the AI model “teach the teacher” 

How can we use this information to improve our own visual diagnostic skills 

Propose an online leaf  diagnosis training course using our library of  20,000+ high 
quality images 

Easily add more diagnostic classes (melanose, sooty mold, potassium etc.)



Teaching New Skills

Nitrogen: Veinal 
chlorosis and 
yellow midrib

Fe: Interveinal 
chlorosis and 
green midrib

N+Fe: Interveinal 
chlorosis and 
yellow midrib



Conclusions

An ANN model was successfully trained to identify healthy or symptomatic 
citrus leaves: nutrient deficiencies, pests and diseases 

Independent validation accuracy was 99 to 100% (mean 99.7%) and agreed 
with expert diagnosis and chemical analyses 

Additional leaves for new symptoms are being collected and added to the app 
once the model is retrained 

The trained networks are being deployed to smartphones for in-field diagnosis 
of  citrus leaf  symptoms (extension agents, growers, home-owner/growers)
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Citrus Copper Application 
Scheduler

http://agroclimate.org/tools/citrus-copper-application-
scheduler/

http://agroclimate.org/tools/citrus-copper-application-scheduler/
http://agroclimate.org/tools/citrus-copper-application-scheduler/


Copper Fungicide/Bactericide
Copper is recommended for a number 
of  fruit fungal pathogens in Florida 
citrus 

Citrus scab (Elsinoe fawcetti) 

Melanose (Diaporthe citri) 

Greasy spot (Mycosphaerella citri) 

Citrus canker (Xanthomonas citri) 

Alternaria (Alternaria alternata)



Copper Scheduler



Copper Scheduler



Copper Scheduler


