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• HLB disease can cause citrus trees to display multiple 
nutrient deficiencies, often concurrently

• On small trees, the entire canopies may be affected

• On larger trees, characteristic “sectoring” of the 
blotchy mottle and nutrient deficiency symptoms 
occur in portions of the canopies

• Correction of the nutrient deficiencies is a useful
strategy to sustain production from infected trees

• Accurately identifying the most limiting nutrient 
deficiencies is critical for efficient remedial fertilizing 

Introduction



Strategies for identifying nutrient deficiencies
SYMPTOMOLOGY {rapid and lower cost, less accurate}

Visual observation of foliar symptoms and expert 

diagnosis – requires training or a good pocket guide 

Computer-assisted smartphone app to expertly diagnose 

foliar symptoms using camera and artificial intelligence

CHEMISTRY {slow, more costly, but more accurate}

Leaf sampling and tissue analysis in a laboratory

Diagnosis of the leaf tissue data by 1) predefined 

thresholds, or 2) more complex ratios of nutrients such as 

the Diagnosis and Recommendation Integrated System 

(DRIS)





Citrus nutrient interactions with HLB
Micronutrient deficiency symptoms are common 
in HLB trees (secondary symptoms caused by 
root, phloem damage and growth disruption)

Some nutrient deficiencies in HLB trees are real 
(Ca, Mg, B, Mn, Zn); others are induced (N, P, S, 
Fe, sometimes Zn) by changes in tissue dry mass 
(starch accumulation or growth suppression)

Multiple nutrient deficiency symptoms can 
confuse visual diagnosis methods

Studies testing the effects of nutrients on HLB –
affected trees are ongoing



Citrus nutrient interactions with HLB 
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Nutrient deficiency symptoms can
confuse HLB identification
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Tips to ensure meaningful leaf analyses
Sample the recommended leaf flush of the 
correct age: 4-6 month-old non-fruiting branches

Avoid sampling blotchy-mottle leaves unless 
specifically needed to assess the nutrient 
impacts of the HLB disease in branches (sectors)

Ensure that sampled leaves are decontaminated 
to remove nutrient spray residues before tissue 
analysis; especially Mn, Zn, Fe, Cu
(Use detergent + dilute hydrochloric acid)

Consider using DRIS to correct for starch
Diagnosis and Recommendation Integrated System



1) Critical thresholds (CT) for nutrients in leaf tissue

Source: www.cropnutrition.com

Relationship between nutrient concentration in plant tissue and yield or growth
(Adapted from Marschner, 1995)

Critical threshold (CT)



For HLB-affected trees, it is particularly important to diagnose
which nutrients are most limiting, in order of severity

Liebig’s Law of Minimum 
illustrated for plant growth 
and nutrition with a leaking 
barrel.

Credit UF/IFAS 
Communications.

Can we determine 
and rank deficiencies 

using thresholds?



2) How can DRIS help?
(Diagnosis and Recommendation

Integrated System)

Consider a dry leaf tissue sample, where DW=“dry weight”:

Ca% = Ca*100/DW, where DW = Ca+Mg+…+starch+cellulose…

Therefore if DW increases (starch  ), Ca% “decreases”
- Even though total Ca in the tissue remains the same. 

- If instead we use DRIS, which analyzes ratios of all nutrients,
- Then the DW factor cancels out:

Ca% / Mg% becomes (Ca*100/DW) / (Mg*100/DW) = Ca/Mg
and thus the confounding influence of DW (including starch) 
and other interferences is eliminated.

a) DRIS ranks nutrients and can help identify the most limiting nutrient 
b) DRIS can help factor out interferences like starch



DRIS norms (nutrient ratios) are developed for 
high-yielding populations of citrus (pre-HLB)
DRIS calculations are best done with a computer 

A DRIS calculation tool for growers is available on a test web site;
Also refer to the article on DRIS in the April 2019 Citrus Industry



The DRIS outputs of nutrient indices and the dry 
mass index (DMI) range from + to – and add up to 
zero
 The nutrient balance index (NBI) is the sum of 
the absolute nutrient indices. A higher value 
suggests greater imbalance
The most negative indices indicate the most 
limiting nutrients
DRIS should be used with deficiency thresholds

Sample N P K Ca Mg S Fe Mn Zn Cu B Mo DMI NBI
Blk9 2.59 0.13 1.11 3.91 0.36 0.32 75 43 27 6 71 0.78
DRIS -27 -2 -102 33 -30 5 88 51 26 -100 -12 22 47 498

K<Cu
HLB 3.0 0.19 1.16 2.31 0.28 0.41 55 45 4 14 47 0.59
DRIS 119 372 -63 18 -132 159 45 270 -910 107 -102 20 96 2318

Zn<Mg<B<K



Plotting many DRIS indices against nutrient concentrations 
reveals the critical deficiency threshold

Critical Mn threshold 
= 22 ppm

These data are from HLB+ trees;
UF/IFAS threshold is 18 ppm 
(SL253; Healthy Trees)



Summary of other thresholds calculated for HLB+ trees:

Nutrient
Critical threshold 

concentration
Optimum nutrient 

concentration
publisheda

(pre-HLB)
from this survey

(HLB-positive 
trees)

publisheda

(pre-HLB)
from this 

survey (HLB-
positive trees)

K (%) <0.7 <1.1 1.2-1.7 1.9
Mg (%) <0.2 <0.23 0.3-0.49 0.43

Mn (ppm) <18 <22 25-100 31
Zn (ppm) <18 <20 25-100 24
Fe (ppm) <35 <33 60-120 73
Cu (ppm) <3 <8.7 5-16 11
B (ppm) <20 <38 36-100 117

a Nutrition of Florida Citrus Trees, 2nd Edition (SL253), UF-IFAS Extension 2008.
Thresholds from HLB+ trees were higher than
published values for K, Cu, B; slightly higher for 
Mn, Zn {Note: these are not yet recommendations}
 Optimum concentrations were in agreement



(See Citrus Industry, April 2019 article: DRIS)
Use a new web app to calculate DRIS indices:
www.makecitrusgreatagain.com (R&D site)

Send feedback to: schumaw@ufl.edu
The final version will be hosted on a suitable
UF/IFAS web site (possibly FAWN)

http://www.makecitrusgreatagain.com/
mailto:schumaw@ufl.edu


Machine vision for nutrient symptom diagnosis 
• Visual identification of nutrient deficiencies in foliage is an 

important diagnostic tool for fine-tuning nutrient management of 
citrus

Mg Mn Zn FeHealthy



• Disease and pest symptoms on leaves may cause chlorotic
patterns that can confound the diagnosis of nutrient deficiency

Greasy
spot

Spider
mites

Citrus
canker Huang-

longbing

Machine vision for nutrient symptom diagnosis 



HYPOTHESIS
An artificial intelligence machine-vision diagnosis

system may outperform human diagnostics

??? ?????????



Analyze citrus leaf symptoms with a smartphone?

Spider
mites

Citrus
canker Huang-

longbing

Zn Fe



Background to Deep Learning
• DC-ANNs are a new-generation artificial neural network (~2012)
• Excellent accuracy achieved in image recognition
• Used in face recognition, image search engines, self-driving cars



Background to Deep Learning
• EXAMPLE: Alphapic – a free iPhone app:



Eyespot

Smartphone apps: corn disease identification



Common smut

Common rust
Holcus spot

Urea burn



Smartphone apps: “Agronomist” demo



OUR RESEARCH OBJECTIVES
• Train a deep convolutional artificial neural network (DC-ANN)

to recognize nutrient deficiencies on citrus leaves

• Validate the performance of the trained network to identify
nutrient deficiencies in new unknown leaf samples

• Compare the model predictions with diagnoses made by
conventional laboratory analyses of nutrient concentrations

• Augment the trained DC-ANN with images of leaf symptoms 
representing other causes: pests, diseases, PGRs

• Deploy the validated final DC-ANN as a smartphone app



Prediction results for citrus leaves:
• Leaf symptoms are scored using probabilities (confidence):

iron



Validation results (preliminary)

Nutrient
deficiency

Correct
diagnosis 

(%)

Nutrient 
conc. 

(mg/kg)

Deficiency
threshold 
(mg/kg)

Multiple 
deficiencies /

disease
NONE 

(healthy)
100 ± 0.0 All 

optimal
- -

Mg 95 ± 4.3 300 ± 0.0 2,000 -
Fe 94 ± 0.6 19 ± 1.7 35 + Mn

Mn 79 ± 8.0 8 ± 1.7 18 + Zn

Zn 0 ± 0.0 4 ± 0.2 18 + Mn, Fe, Mg
/ huanglongbing



Preliminary conclusions: MACHINE VISION
• DC-ANN model was successfully trained to identify healthy or

four nutrient deficiencies in citrus leaves: Mg, Fe, Mn, Zn

• Independent validation accuracy was 79 to 100%, except
for Zn (0%), and agreed with chemical analyses

• The leaves used for Zn validation were from huanglongbing-
affected trees and had multiple deficiencies (Mg, Fe, Mn, Zn)

• More images will be collected to augment & improve the 
DC-ANN before incorporation into a smartphone app.



General Conclusions 
Evidence of abnormally low concentrations of 
leaf Ca,Mg,S,Fe,Mn,Zn,B in HLB- symptomatic 
trees
Survey results and DRIS analyses show 
higher than standard critical deficiency 
thresholds (CT) apply to some nutrients when 
diagnosing HLB-affected trees
Using DRIS, Ca, Mg, Mn, Fe, B were identified 
as limiting deficiencies, while K was 
consistently higher in HLB-symptomatic leaves
Chemical analyses of leaf tissues and 
numerical methods like DRIS are able to 
interpret multiple deficiencies that are common 
in HLB-affected citrus 



Micronutrient deficiency symptoms are common in 
HLB-affected trees (secondary symptoms)

Some nutrient deficiencies in HLB trees are real; 
others are induced by changes in dry weight (starch)

Sample leaves ~quarterly and maintain a 
comprehensive, balanced micronutrient spray and 
soil fertilization program to minimize nutrient 
deficiency symptoms 

Don’t forget the soil: Manage soil pH to near optimal 
acid range (5.8); Ameliorate weak sandy soils with 
organic amendments

Summary
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