Figure 1. Automatic identification of leaf symptoms by machine vision uses deep-learning

artificial neural networks.

Smartphone app
under development
for diagnosing citrus
leaf symptoms

By Arnold Schumann, Perseveranca Mungofa, Laura Waldo and Chris Oswalt

ince the first Apple iPhone

was launched in 2007, there

have been many improve-

ments to smartphone
cameras and their increasingly power-
ful graphics-processing capabilities. In
recent years, these powerful hand-held
computers have also made their impact
on agriculture, where they are being
used for communications, mapping,
navigation, information retrieval and
diagnostic services.
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The recent integration of deep-
learning artificial neural networks
with image-processing, machine-
vision technologies allowed the arti-
ficial intelligence of trained neural
networks in smartphone apps to be
used for identifying various objects
visible with the on-board cameras.
Artificial neural networks can be
trained to recognize virtually any-
thing that the human eye can perceive
in images, including objects that are

partially obscured.

The operating principle of an
artificial neural network is essen-
tially a massive collection of inter-
connected three-dimensional regres-
sion models on a computer designed
to mimic the connected architecture
of neurons in a brain. A July 2018
Citrus Industry magazine article,
“Artificial intelligence for detecting
citrus pests, diseases and disorders”
(http://citrusindustry.net/2018/07/02/
artificial-intelligence-detecting-citrus-
pests-diseases-disorders), introduced
the technologies behind the smart-
phone apps.

IDENTIFICATION
MADE EASY

Visual identification of nutrient
deficiencies in foliage is an important
diagnostic tool for fine-tuning nutri-
ent management of citrus, especially
in the huanglongbing (HLB) disease
era. Disease and pest symptoms on



leaves may cause chlorotic patterns
that can be confused with nutrient
deficiency symptoms. An expertly
trained person can distinguish and
correctly identify most of the com-
mon leaf symptoms seen in Florida
citrus, but it can take years to build
sufficient experience and confidence.

Due to the abundance of new
computer technology in the artificial
intelligence realm, it is now possible to
package a trained artificial neural net-
work model in a standard smartphone
app. The app, operated by an untrained
person, can automatically recognize
leaf symptoms from video or photos
taken with the smartphone camera.

In this article, we describe the
development of a smartphone app at
the University of Florida Institute of
Food and Agricultural Sciences (UF/
IFAS) Citrus Research and Education
Center (CREC) that uses the front
camera to view, detect and diagnose
symptoms of nutrient deficiencies,
pests and diseases of citrus leaves.
The goal of the app is to help growers,
homeowners and Extension agents
obtain expert diagnoses of leaf symp-
toms in groves without undergoing
special training.

The app, operated by
an untrained person,
can automatically
recognize leaf
symptoms from video or
photos taken with the
smartphone camera.

WHAT CAN BE RECOGNIZED

During development of the app,
130 citrus leaves were collected in
groves for each of nine recognizable
symptoms. The leaves were photo-
graphed with a smartphone camera
using 8-megapixel resolution. The
images were tagged with their respec-
tive symptom identities and used to
train a convolutional artificial neural
network on a powerful computer
server. The training process during
which the neural network “learns”
the attributes or features of the var-
ious symptoms is very intensive and

MitoGrow Begins
Citrus Trials

By John Ball and Daniel Ramsdell

Many in the citrus industry say that one of the keys to
being successful in the post-HLB world is to have new and reset
trees grow and mature as much as possible before they become
infected.

With products that enhance root growth and increase root
mass, MitoGrow is able to offer the industry a means to reach
production size sooner. This assertion is based on a study by
Louisiana Tech University on hardwood growth rates using
MitoGrow products.

In addition to this increased growth rate, recent in vitro
studies conducted by Texas A&M AgriLife Research have shown
MitoGrow’s Aqua product is statistically identical to using the
antibiotic oxytetracycline at 500 ppm in reducing the CLas
bacteria titer in already infected citrus tissue. Use of antibiotics
in food crops is highly controversial as antibiotic residues can
lead to antibiotic resistance in humans. While they may be
effective, antibiotics are an expensive last resort.

The A&M study results indicate that the product does not
directly kill the bacteria, but appears to increase the plant’s
natural resistance to the disease. A paper in the Journal of
Applied Microbiology (2008) indicates that some species of
CLas bacteria can be cleared from some species of plants using
the plant hormone contained in MitoGrow Aqua. The study
also indicated that the Aqua formula was twice as effective in
reducing the bacteria count as the hormone alone.

Conventional treatments of nets, sprays and injections are
both time consuming and costly. The MitoGrow Aqua product
for citrus is affordable and suspendible in water, making it easily
applied as a soil drench to the root zone or through all types
of drip irrigation systems. This citrus product is sold under a
vitamin hormone exemption and can be used up to two seasons
prior to fruit production. MitoGrow is currently seeking EPA
registration for unrestricted use on food crops.

Given the sufficient evidence that the product is of general
benefit to citrus, MitoGrow is looking to begin field trials with
new plantings that are more than two years from production. If
you are interested in participating in these citrus product trials,
please contact info@mitogrow.com.
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typically takes hours to complete.
Fortunately, the training needs to be
conducted only once on the server.
Thereafter, the trained network can
be deployed to multiple smaller
devices like smartphones. The trained
network is then used to analyze new
images and rapidly identify symptoms
for which it has been trained (Figure
1, page 16).

The citrus leaf symptoms that can
be recognized by the smartphone app
include citrus canker, HLB and greasy
spot diseases; two-spotted-spider
mites; and deficiencies of magnesium,
iron, manganese and zinc. Leaves with
no symptoms are identified as healthy.

Our tests with the app on an
iPhone show that machine vision can
diagnose leaf symptoms in less than
one second.

ACCURACY LEVELS

Spider mite, greasy spot and
canker damage can be identified by
the symptoms visible on the abaxial

Figure 2. Citrus leaf symptoms are rapidly identified with the smartphone app. Symptoms (lower) surfaces of leaves. In a sepa-

are highlighted on the image with a rectangular outline and label. rate validation study comparing true
or false symptom identification with
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human experts, the average accuracy
of the trained neural network to cor-
rectly identify all leaf symptoms was
89 percent, ranging from 63 percent
for zinc deficiency
to 100 percent for
greasy spot dis-
ease, citrus canker
and asymptomatic
healthy leaves.
Symptoms of
spider mite damage
and deficiencies of
manganese, iron and
magnesium were
identified with more
than 91 percent
accuracy. Identifying
HLB symptoms with the trained net-
work was less accurate (82 percent),
which is attributable to the complex
blotchy mottle leaf symptoms that are
characteristic of the disease.

NEXT STEPS

The smartphone app will be thor-
oughly field-tested, and additional
symptom classes will be added before
deploying it to the Apple and Google

89 percent

training.

The encouraging

accuracy level
achieved by the
prototype app will
be improved upon
with more data and

app stores. It will then be available for
free download as a new scouting tool
for diagnosing citrus leaf symptoms
in Florida. Additional leaf symptoms
being added include
phytophthora and
citrus scab as well as
nitrogen and potas-
sium deficiencies.

Since accuracy
is the highest pri-
ority, users will be
encouraged to
maximize perfor-
mance of the app
by placing individ-
ual leaves on white
paper in a well-
illuminated environment (a room
or car), as shown in Figure 2 (page
18). A brightly lit indoor or outdoor
environment is ideal for obtaining a
high-quality image for analysis.

The encouraging 89 percent accu-
racy level achieved by the prototype app
will be improved upon with more data
and training. Additional enhancements
to the app will include linkages of the
identified symptoms to UF/IFAS online

THE MID-RANGE CATEGORY.

Electronic Data Information Source
(EDIS) Extension documents. The EDIS
documents were written by the experts
in their research field and contain many
more details about the symptoms and
remedies for nutrient deficiencies, pest
and disease management.

Smartphone apps will not replace
conventional leaf nutrient or disease
testing in laboratories for the foresee-
able future. Instead, they will increase
the availability of expert, in-field advice
— in the palm of any user’s hand.®
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