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Plant clinic or polyclinic
The concept of dis -ease

A The concept of dis-ease In relation to plant clinic has
to be taken in a broader perspective as conceived by
grower, i.e. a plant is diseased when it's not at ease.

A An estimated 40% of potential global crop production

IS lost annually to pests and diseases.

A Reducing this level of crop lossis critical to increasing
agricultural productivity , which is essential in
achieving the sustainable development goals of zero
hunger and no poverty.

Tambo et al.,2020:.. 9



Crop losses due to disease and pests
Annual losses worldwide

Estimated annual losses worldwide

Losses are more in developing world
and
less in develop world

Diseases
Insects
Weeds

Total av. looses

PN. Sharma
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Crop losses due to disease and pests
Worldwide and USA

+

A All crop pests (pathogens, arthropods, and
weeds) combined cause:

1. Preharvestlosses of 42%

2. An additional 10% loss after harvest.
A Of these:

a 13% are due to plant pathogens,

o 15% to arthropods, and

a 13% to weeds.

11



Estimated annual crop losses worldwide
Agrois, 2005

Actual crop production (~ 36.5 %) $950 billion
Production without crop protection $455 billion
Losses prevented by crop protection $415 billion
Actual annual losses to world crop production $550 billion
Losses caused by disease only ( 14.1 %) $220 billion

12
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Crop losses due to disease and pests
Worldwide and USA

A According to some estimates over 30% of the
wor |l dos lostiotpesields anether

15% are destroyed during transit and
storage.

A Crop losses in the USA.

a 9.1 billion lost to disease
a 7.7 billion to insects

o 6.2 billion to weeds.

13



Results of plant pathology research

‘L Plant clinic or polyclinic

A Plant health clinics offer new avenues for applying
the results of plant pathology research and for those
results to make a positive contribution to farm family
livelihoods.

Boa,2007

14



Plant clinic or polyclinic
The concept of dis -ease

A Plant clinics provide plant health care to farmers In
similar way to what human health clinics do for
humans.

Organizational set-up would therefore include:
plant pathologist,

entomologist,

nematologist,

Edaphologist, and

agronomist.

N N

Edaphology is concerned with the influence of soils on
living things, particularly plants.

15



Organizational set -up

i Plant clinic or polyclinic

A Thus, plant clinic is to be broadened to take care of:

1. Plant injury or damage due to insects, weeds,
nematodes, mineral deficiency and toxicity, injury
due to chemicals and abnormal weather such as
frost or sun scorch:

2. Diseases due to plant pathogens.



Plant clinic or polyclinic
Organizational set -up

+

A Public extension services(government
agencies),

A Private sector agrodealer, and
A Cooperative extension centers.

17



Public health plant clinics

Places for free diagnosis and
recommendations

A Plant clinics are meeting places(mostly operating
from local markets, community centres and
cooperatives), where

A farmers who are struggling with any plant health
problem can take samples of their ailing crops to
trained plant health extension officers (referred to as
plant doctors),

A for free diagnosis and recommendations on how to
manage the problem (Boa, 2009, Majuga et
al.,2018).

18



Plant health clinics

‘L Plant clinic or polyclinic

A Over 4000 plant clinics have been established in 34
countries worldwide where farmers who are
struggling with plant pests and diseases can take
samples of their O6sicko c
for diagnosis and plant health advice.

Tambo et al.,2020 19



Plant clinic or polyclinic

Accurate diagnosis
Proper sample collection and submission

A Disease diagnosis is acritical initial step for
successful disease management

A Several different diseases and/or plant health
problems can cause similar symptoms therefore, it is
Important to obtain an accurate diagnosisto choose
the best diseasecontrol measures and to know what
IS affecting your crops or plants.

A Accurate and timely plant disease diagnosis starts
with proper sample collection and submission.

20



Samples collection and submissions

i Plant clinic or polyclinic

1. Samples should be collected as soon as disease
symptoms develop, and

2. They should be submitted to the Plant Disease Clinic
according to gui dHewto suemst |
a sampl eo section

21



Plant clinic or polyclinic
Samples collection and submissions

A Collect living plants that exhibit varying stages of
decline. Do NOT submit dead plants.

A For herbaceous plants, collect the entire plant,
Including as much of the root system as possible.

A Dig out (don't pull) several symptomatic plants and
shake excess soil from the roots.

A Bundle plants together and wrap roots only in a
plastic bag.

A Do not wrap stems in plastic. Wrap the entire bundle
of plants in newspaper and place it in a cardboard

box.

Plant Disease Clinic,University of Minnesota 22



Plant clinic or polyclinic
Samples collection and submissions

A For tree wilts, collect branches with a 1/2-inch(25.4
mm) to 1-inch diameter(12.7 mm).

A Collect sample from branches, which are actively
wilting, but not totally dead.

A Wrap in plastic to retain moisture. Keep cool until
submitted.

A For virus testing, collect symptomatic leaves, stems,
or entire plants. Wrap in plastic. It is very important
that these samples do not dry out during shipment.

A Do not add extra water to the bags.

Plant Disease Clinic,University of Minnesota 23



Plant clinic or polyclinic
Accurate diagnosis for nematode analysis

i

A For nematode analysis, ship soil in plastic bags and
keep refrigerated until shipped.

A It is important that nematode samples are not
exposed to high temperature.

1. Ship samples immediately after collection;

2. Ship samples by overnight delivery or mail early in
the week to ensure fast delivery;

3. Plant samples often decompose if left in the post
office over the weekend.

Plant Disease Clinic,University of Minnesota

24



Plant clinic or polyclinic

Private sector
Payment for diagnosis and consultancy

i

A While diagnosis isextremely important,

providing a suitable prescription Is still more
Important.

A It must be clear and easily understandable.

A To make the clinic sustainable, a fee has to
be levied for diagnosis and consultancy.

25



Florida Extension Plant
‘L Diagnostic Clinics

A Service provided upon special request (in Quincy

clinic):

1. PCR-based diagnostic services:  Standard rate
plus $20.00 (at client request, available for some
bacterial diseases such as crown gall, bacterial wilt
and Piercepobs di sease

2. MIDI -based diagnostic services:  Standard rate
plus $10.00 (at client request for bacterial
pathogens).

Qui ncy: Just a boyos n:

Palmateer and co-workers 26



Distance Diagnhostic and

!'_ ldentification System (DDIS)

A new tool for extension diagnostics

27



Distance Diagnostic and
i ldentification System (DDIS)

A new tool for extension diagnostics

A The Distance Diagnostic and Identification
System (DDIS) is used to transmit digital
Images with related information to enhance
plant disease, insect and weed diagnostic
capabillities.

A Images, by themselves, are one aspect of a
diagnosis.

A They should be used in conjunction with
laboratory assays if necessary.

Momol et al.,2009 28



An Updated Web -based Distance Diagnostic

and ldentification System for Extension
Collaboration among DDIS users and specialists
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An Updated Web -based Distance Diagnostic and
|dentification System for Extension
DDIS sample submission and diagnosis process

Observe a disorder

Digital im'agos including
microscope enlargemnt
The DDIS
Process J
\ Online diagnosis by specialists e

| f_.'!

o]

P

Send sample over internet

Momol et al.,2009



Two smartphones: a
Samsung Galaxy 5 (left)
and an iPhone 6S (right)

Distance Diagnhostic and

!'_ ldentification System (DDIS)

A smartphone is a portable device that
combines mobile telephone and
computing functions into one unit.

31



Using Deep Learning for Image -
Based Plant Disease Detection

A The combination of increasing global smartphone
penetration and recent advances in computer vision made
possible by deep learning has paved the way for
smartphone-assisted disease diagnosis

A Using a public dataset of 54,306 images of diseased and
healthy plant leaves collected under controlled conditions,
we train a deep convolutional neural network(is a class of
artificial neural network, most commonly applied to
analyze visual imagery) to identify 14 crop species and 26
diseases(or absence thereof).

A The trained model achieves an accuracy of 99.35% on a
held-out test set, demonstrating the feasibility of this

approach.
Mohanty et al.,2016 32



Using Deep Learning for Image -
Based Plant Disease Detection

A To enable a fair comparison between the results of all the
experimental configurations, we also tried to standardize the
hyper-parameters across all the experiments, and we used the
following hyper-parameters in all of the experiments:

1. Solver type: Stochastic Gradient Descent(incontrat),
2. Base learning rate: 0.005,

3. Learning rate policy: Step (decreases by a factor of 10 every
30/3 epochs),

2. Momentum(mass in motion): 0.9,
5. Weight decay: 0.0005,
. Gamma:0.1,

7. Batch size: 24 (in case of GooglLeNe), 100 (in case of
AlexNet).
Mohanty et al.,2016 33



Using Deep Learning for Image -
Based Plant Disease Detection

Sample images from the
three different versions of
the PlantVillage dataset
used in various
experimental
configurations.

A Leaf 1 color,

s. Leafl grayscale,
c. Leafl segmented,
p. Leaf 2 color,

e. Leaf 2 gray-scale,
. Leaf 2 segmented.

>

Figure shows the different versions of the same
leaf for a randomly selected set of leaves.

Mohanty et a/.,2016
34



Using Deep Learning for Image -
Based Plant Disease Detection

A Example image of a leaf suffering
from Apple Cedar Rust selected
from the top -20 images returned by
Bing Image search for the keywords
ARAppl e Cedar Rust
4th, 2016. Image Reference:
Clemson University- USDA
Cooperative Extension Slide Series,
Bugwood. org.

s. Visualization of activations in the Visualization of activations in the initial
first convolution layer(conv1) of an layers of an AlexNetarchitecture
AlexNet architecture trained demonstrating that the model has learnt to

using AlexNet:Color: TrainFromScrat efficiently activate against the diseased
spots on the example leaf.

ch.80r 20 when dOIng a forward Note: AlexNet architecture consists of 5

pass on the image in shown in panel convolutional layers, 3 max-pooling layers,

b. 2 normalization layers, 2 fully connected
layers, and 1 softmax layer.

35



Using Deep Learning for Image -
Based Plant Disease Detection

A  Example of leaf images from the PlantVillage dataset, representing every crop -
disease pair used.

A (1) Apple Scaly Venturia inaequalis(2) Apple Black Rot Botryosphaeria obtusa(3) Apple
Cedar Rust Gymnosporangium juniperi-virginianae (4) Apple healthy (5) Blueberry
healthy (6) Cherry healthy (7) Cherry Powdery Mildew, Podoshaera clandestine(8) Corn
Gray Leaf Spot, Cercospora zeaemaydis (9) Corn Common Rust Puccinia sorghi(10) Corn
healthy (11) Corn Northern Leaf Blight, Exserohilum turcicum (12) Grape Black
Rot, Guignardia biawellii (13) Grape Black MeasleqEsca), Phaeomoniella aleophilum,
Phaeomoniella chlamydospora(14) Grape Healthy (15) Grape Leaf
Blight, Pseudocercospora vitis(16) Orange Huanglongbing (Citrus Greening), Candidatus
Liberibacterspp. (17) Peach Bacterial Spof Xanthomonas campestris(18) Peach
healthy (19) Bell Pepper Bacterial Spot Xanthomonas campestris(20) Bell Pepper
healthy (21) Potato Early Blight, Afternaria solani(22) Potato healthy (23) Potato Late
Blight, Phytophthora infestans (24) Raspberry healthy (25) Soybean healthy (26) Squash
Powdery Mildew, Erysiphe cichoracearum(27) Strawberry Healthy (28) Strawberry Leaf
Scorch, Diplocarpon earfianum (29) Tomato Bacterial Spot, Xanthomonas campestrispv.
vesicatoria(30) Tomato Early Blight, Alternaria solani(31) Tomato Late
Blight, Phytophthora infestans (32) Tomato Leaf Mold, Passalora fulva(33) Tomato
Septoria Leaf Spot, Septoria lycopersici(34) Tomato Two Spotted Spider Mite, 7etranychus
urticae (35) Tomato Target Spot, Corynespora cassiicola 36) Tomato Mosaic
Virus (37) Tomato Yellow Leaf Curl Virus(38) Tomato healthy. 36



1, Apple Scab, Venturia inaequalis, 16, Orange
Huanglongbing (Citrus Greening), Candidatus
Liberibacter spp.; 19, Bell Pepper Bacterial

Spot, Xanthomonas campestris 20, Bell Pepper
healthy; 29, Tomato Bacterial Spot, Xanthomonas
campestrispv. vesicatoria




Using Deep Learning for Image -
Based Plant Disease Detection

Sample images from the
three different versions of
the PlantVillage dataset
used in various
experimental
configurations.

A Leaf 1 color,

s. Leafl grayscale,
c. Leafl segmented,
p. Leaf 2 color,

e. Leaf 2 gray-scale,
. Leaf 2 segmented.

>

Figure shows the different versions of the same
leaf for a randomly selected set of leaves.

Mohanty et a/.,2016
38



Using Deep Learning for Image -
Based Plant Disease Detection

A Example image of a leaf suffering
from Apple Cedar Rust selected
from the top -20 images returned by
Bing Image search for the keywords
ARAppl e Cedar Rust
4th, 2016. Image Reference:
Clemson University- USDA
Cooperative Extension Slide Series,
Bugwood. org.

s. Visualization of activations in the Visualization of activations in the initial
first convolution layer(conv1) of an layers of an AlexNetarchitecture
AlexNet architecture trained demonstrating that the model has learnt to

using AlexNet:Color: TrainFromScrat efficiently activate against the diseased
spots on the example leaf.

ch.80r 20 when dOIng a forward Note: AlexNet architecture consists of 5

pass on the image in shown in panel convolutional layers, 3 max-pooling layers,

b. 2 normalization layers, 2 fully connected
layers, and 1 softmax layer.

39
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Rapid diagnosis

Appropriate disease control

A The time taken to get a diagnosis Is
often critical.

A Rapid diagnosis Is needed to allow
appropriate control.

40



Rapid diagnosis

Appropriate disease control

+

A The development of protocols with higher and well -
balanced sensitivity, and specificity for detection of
plant pathogens, will have a positive effect on:

1. The sanitary status of the cultivated plants,
2. Reducing the long distance spreading of new, or
3. Emergent pathogens in a globalized world.

L - petal, 2011

41



Rapid diagnosis

New detection protocols based on molecular methods

A This should drastically:

1.

2.

3.

A

reduce the need for pesticide treatments,
Increase the protection of, and

enhance the quality of food and the environment ,
not only in developed countries.

The accuracy of new detection protocols based on
molecular methods will lie behind the availability of

plants free of a wide range of pathogens in a near
future.

L - petal, 2011

4 2



Diagnosis report
Within 3-14 days

A How long it will take before a diagnosis can be made
depends on the bacterial speciesand the methods
available for its identification.

It may vary from 3-14 days.

A A diagnosis report usually is a letter sent to the original
correspondent with the following information:

1. Origin and description of the sample.
2. Name of the bacterium isolated.

3. Name of disease caused by this bacterium and
description of its symptoms.

2. Nature (biology, epidemiology) of the pathogen.
5. Nature of the damage.
6. Advice on preventive or control measures.

Janse 2006:.. 43



Rapid diagnosis

Techniques for isolation and identification

A

1.

2.

3.

4.

5.

A

A

The selected techniques for detection were:
|solation,
Immunofluorescence,
Enrichment-ELISA,
Direct tissue print-ELISA,
PCR and enrichment PCR.
It also included:

The identification of the bacterium by phenotypic and

molecular characteristics and pathogenicity tests.

The purpose of nested PCRiIs to increase assay
sensitivity by re-amplifying the target from a template
previously enriched by the first PCR

4 4



Rapid diagnosis

Techniques for isolation and identification

*

A Selective media:

>

NP> >

Usefulness depends on averagerecovery of target
organism at low concentration in mixture with high
populations of non target organisms.

Detection level 10?2 colony-forming units (CFU)/g soil.
Problemswith selective media include:
May be strain specific;

Only is effective for certain assays (soll, leaves, or
seed);

Has low recovery efficiency for target organism.

45



Rapid diagnosis

Techniques for isolation and identification

A Biloassays:
A Use host plant to isolate target organism,
A Spraying inocula over leaves or pour inocula over

water-soaked leaves(10°> CFU/mI detection level,

Carrot slice inoculation for soft rot organisms ( 10°
CFU/ml detection level),

A Infiltration (10 to 102 CFU/mI detection level).
A Very effective for selecting for target organism.
A Problems with certain soil types and troublesome

1.

procedure.
Injection;
Vacuum infiltration.

46



Techniques for isolation and identification

i Rapid diagnosis

A Serodiagnostic assays:
A Cells being detected may be dead.

1. Direct and indirect immunofluorescence: 102
CFU/mldetection level.

2. ELISA 10% to 10° CFU/mI detection level.

3. Diagnostic test kits(ImmunoStrip): immunostrip
assay system Is advantageous because of high

sensitivity, inexpensive equipment, cost-
effectiveness, ease of use. g i
e 3 i€




Techniques for isolation and identification

i Rapid diagnosis

A Genetic assays:
A PCR(10? CFU/mI detection level).
A Cells may be dead.

A Bio PCRDirect plating followed by PCR. Realtime
SYBR Green | assay was developed and evaluated as
a biological and enzymatic polymerase chain reaction
(Bio-PCR) protocol for the detection of plant bacterial
pathogens.

4 8



!'_ International Diagnostic Protocols

International standards for the
diagnosis of regulated pests

49



International Diagnostic Protocols

Standardization of methods
Phytosanitary regulations of the European Union

A During the last century, movement of goods and
persons across the world has increased considerably

A Natural borders that were once effective barriers to
the spread of pests are now under pressure from the
Increasing volume of international trade.

A As a consequence, theglobal community has
developed cooperative mechanisms to protect plants
and the environment from pests.

A The International Plant Protection Convention (IPPC)
IS an international treaty to protect plant health.

Petter & Smith,2008 50



International Diagnostic Protocols

Standardization of methods
Normes EPPO Standards

2.

The first initiatives in developing standards on
diagnostic protocols were taken by European and
Mediterranean Plant Protection Organization (EPPQ.

Each protocol is intended to contain all the information
necessary to detect and positively identify a particular
regulated pest.

Today, more than 300 Standards have been approved
by EPPO and are included in this database (paper
brochures are no longer available).

Standards in the series PR are divided into:
General, and
Specific Standards

EPPO database on PP Standards,2021

51



International Diagnostic Protocols

Standardization of methods
General Standards

A General Standards cover all general aspects of
efficacy evaluation to help countries in understanding
and fulfilling their obligations in the registration of
plant protection products.

A e.g. advice on design, conduct, reporting and
analysis of trials, phytotoxicity, effects on succeeding
crops or adjacent crops, analysis of resistance risk,
minor uses, and climatic considerations.

A All General Standards are freely available in the EPPO
database on PPL(plant protection products)
Standards.

EPPO database on PP Standards,2021 52



International Diagnostic Protocols

Standardization of methods
Specific Standards

A Specific Standards cover one type of plant protection
product.

A E.g. fungicide/bactericide, insecticide/acaricides, herbicide,
plant growth regulator, molluscicides, nematicides,
rodenticide, etc.

A Each standard gives details for individual field trials.

A Indications are given on experimental conditions (trial
conditions, design and lay-out of the trial etc.),
applications of treatments (type, time and frequency of
application etc.), mode of assessment, recording and
measurement (type, time and frequency of assessment,
effects on the crop etc.), reporting of results.

EPPO database on PP Standards,2021 53



Published eppo diag

nostic protocols
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