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rsery Pathogen Control
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Pathogen Control begins with Bulk Screening:

Bulk Screening of Trees with Bulk Screening and Quantification
qPCR of Insects with dPCR
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OC;\S On-Farm/Nursery Pathogen Control
C
W
NS Answer the question: Does your farm or nursery have an
unwanted Pathogen such as Clas/HLB?

Solution: Bulk Screening of plant material
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Bulk Process for Data

Automation .
Plant Material Management

Validation Through Testing and Case Studies



Automating the Bulk Processing of Plant Material
(Leaves, Budwood and Roots)

- Processing 128 samples:
(16 trees per bulk sample)
- 1. Cutting of petioles - avg 4 min 35sec*

2. Shedding petioles -avg 3 min 36 sec**
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e 111 -“128 petiole samples”. Removed 17 - “10 min outliers”
avg 4 min and 35 sec

** 170 - “128 petiole samples”. Removed 22 - 710 min outliers”
avg 3 min and 36 sec

Hand chopping 112 minutes vs TES’s 14 minutes [
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The Science of Bulk Processing for Plant Material
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'i., o What is a bqu sample {"‘ s *'} How to measure qPCR inhibition
X "t.' l* o - Bulk samples consist of 8 Leaves per tree = 1 1. Rate of change of the slope

. &t = and 16 trees/sample FII...... "’ » # 2. Areaunder the curve
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_‘ Measure COX gene expression: [ Qrer fluorescent cunes

~~ * CDFA-0.15g per 1 tree

~  * Avg COX cq value of 18.6
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Maintain Sensitivity and Control Costs

%Maintain DNA Screened /Tree s : .
‘EI o / 1/3 the cost if infection rate is very low
Control Inhibition
Cq Values Shredding Processing | Material | Total
Mean * Standard Deviation (n=3 Sample per Sample per | Cost per | Cost per
1 HLB + 11 1 HLB + 23 1 HLB + 47 Tree* (min) Tree (min) | Tree Tree

healthy healthy healthy

CDFA ~7 ~ 2 ~ S5 S22

25.95+0.47 27.77+0.33 25.85+0.1 TES ~1 ~35 ~$0.5  $7-$11

* *x

26.36£0.23 27.34%0.1 26.99+0.49 * CDFA uses 12 leaves per tree. TES uses 8 leaves per tree,

and 16 trees per sample.
26.66£0.68 27.13+0.26 28.8+0.09 ** Initial Bulk Screening cost depends on volume.

Note: CDFA has a max capacity of 9000 trees per month,
Average 26.32 27.4 27.23 with 6 people chopping, and 2 on extraction.
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Citrus Block Data Management - Paperless

[ gl P T ”"'“'-‘-. fﬂ .
”5 Collection path is color line
A e V€ p — Vyr

tesld 3-1-0

created 2022-04-20T19:05:31 8975532 12
name T18 R27 S20 B73G 3
abbrv 73G - )

boundary SRID=4326;POLYGON6—119.{]?1648 36.346811) -119.068802 36
mapVariables {'Zoom': 17, 'view': (-127, ZZ}}
farm 3-1

treePosiName ROwW
treePos2lame Tree
treePos3iName o 78

rows [[72'.170], ['74". 150]. [T6', 170]. [78', 170], ['80". l@,‘i

| !J [ 82’ 170]

Row Trees
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Citrus Sample Data Management -Paperless
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Bulk Sample - 16 Trees N 76
T 2022-04-29T21.2T 9172 o
collected 2022-04-29T21:21:54.933 tesld: D3-F@ .j e
recieved MNone '

scannedBox 2022-05-03T21:45:58.3216532

syringeWeightLogged 2022-05-03T21:46:27 5433437
preVieightLogged Mone ROW 82, TreeS 145'60

postWeightLogged EUM. - /
title 2022 - Block 7 Row: 82, Trees: 145-160

nicVersion C

trees ['3-1-1224' '3-1-1225', '3-1-1226', '3-1-1227", '3-1-1228', '3-1-1229', '3-1-1230', '3-1-1231", '3-1-1232', '3-1-1233"," j
'3-1-1239"]
bagHum DES
sampleGroup 3F

N 80

at

protocal 5

syringeWeight 42900

preSampleWeight 3.5300

sampleWeight 24500

results [{'Cox1': {'Probe" {1x': {'Cq': '21.36'}, "10x": {'Cq': "16.64'}}}, 'Civ1': {'Sybr': {"1x': {'Cq" '35.54", 'Melt' {1 _LPeak'" | Y 1 . o
319.84000000000003, 'StartMeltTemp': 71.5, 'MinFluorescence”: 76.5, 'LastPeakFluorescence’: 160.7}, ' e

765, 'MinFluorescence': 82.0, 'LastPeakFluorescence': 107.0911}, "10x" {'Cqg" 'N/A', 'Melt': {3113} i . g 1 |f Positive, IndIVId Ual tree test

quantity 1280000 . .

quantityUnit Petioles Peak result indicates MCA13 CTV / uses middle of leaves
‘II - ; -: P H: :1.
o = iy

chamber 2501
16 Tree bulk sample uses

slide 2512 ‘ ’
il:viniary None Cpeak 7@
petioles of leaves

Hierarchal Bulk Screening
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Nursery Individual Screening to Bulk Screening

Assign Unique ID to Tree* Find Tree* Link Tree to Sample* Individual Budwood Sample*

*One Time * NFC, QR Code, Bar Code *NFC Tag on Clip *Linked to tree

Software Data Base System

U
Sample Tracking System
Inventory Control -

Task Management




Case Study in Tulare - Hierarchal Bulk Screening

Block has 48 Bulk Samples = 1019 Trees Work done in Collaboration with
Subhas Hajeri Operations

== Row 86, 6 samples = 24 Trees  Manager for Central California

EE—— B Tristeza Eradication Agency
=<k N —— T | T T (CCTEA)

Al _I0X Diluted — .~ Control 350,000Trees
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o —— Block 73H Row 86 and Row 89..., ==

’ e o e R osubantvevrsertesvesriteveverrerrrraryn 1. Case study Tulare 2021
3 ?of;u """""" 2. 5691 trees
A 3. 271 bulk tests

Row 86 Trees 44-48+—1 "
| ﬁr W 4. 9 Total CTV+ Positives
s : #45 Infected 5. 6 CTV+ positive in 73H
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Processing with HLB
© O 29 Bulk Test- Positive
L 45 Leaves per Bulk Test

 COX confirms DNA
sensitivity and low inhibition
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Border Bulk
Tree* |samples

106 11 1.05
91 10 0.98
Average 0.977

Note: 2X and 16X refer to the dilution of the sample

*5 Leaves per Tree

| ** Average of bulk

samples in block
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3.01 1 NS
3.32 'y :""“
3.03 P s

14.33 17.35 23.5
14.77 17.77 23.96

Work done in Collaboration
with Mamoudou Setamou
at Texas A&M University-
Kingsville (TAMUK) -Citrus
Center



A Healthy Citrus Industry = A Healthy Citrus Nursery Community

Psyllid can lay over 400 eggs™ 1 35T 1000
. Psyllid spread over 400 Meters** ' rees per 8 sq meters
2. Test 400m Radii = 17,584 Trees

3. Test 300m Radii =9,891 Trees
4. Test 200m Radii = 4,396

California Challenges:

S22/tree X 4396 = $96,712
CDFA Capacity = 9000 Trees/month

Citrus Orchards not tested for CLas

Spatiotemporal dynamics**
of Citrus Huanglongbing Most Fallow Orchards are not

= spread: a
*Asian Citrus Psyllid case study sprayed or tested

Elizabeth E Grafton-Cardwell, et al M. C. G. Gasparotoa, et al




Set goals for what needs to be done, not what
one thinks can be done!

HLB Finds-Hot Spots 2 Mile Radius around HLB find Must Screen Orchards!!

(60) = = __‘ii“ "1 " i JJ?'"
§ Rubidogi '@ HLB Fin%e ._...-l' mll hh ‘
4 - <P ; A} ;
f\'ar|r"‘u3JL||L-|Jc1 Riverside E
vy Regional Pa ey UCR J
30 OOO Trees :
| Univ 2rsity of

Cei lforma Rl
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3 thr= résearch'sc

'uw-uemess Park

Orchard P05|t|V|ty Rate?
s, 8 5 \ ~ Agricultur

Quarantine zones are expanding

-a' College'of

Protect 30,000 UCR citrus trees
~ 6000 Border trees

6000 x $7.33 = $44,000

TES capacity: 4000 trees/month
2 Operators
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TES bulk screening could
transition HLB Management to
Eradication with:

1. Bulk citrus tree screening
2. Regular psyllid suppression



Mass Psyllid Collection Trap

Fluid in Gutter carries dead insects into a filter

7 foot tall Insect Trap

s Psyllid Tent
M|n| Mass PsyII|d Trap (MPC) —




TES is developing a tool that supports the
Nursery Industry

TOOL: BULK PROCESSING

USE WITH PATHOGENS: Preventative screening and Damage Control

Preventative screening: Damage Control :
1. Mother Trees 1. Rapid Response
2. Increase Trees 2. Cost Effective
3. Field Trees 3. Trackable

TES is not part of a regulatory agency. We are here to solve Citrus Industry Problems.
How much plant material can be tested at a time?



California Citrus Nursery Stock Pest Cleanliness Program

Citrus Viroids Rate of Infection (line)
Citrus Nurseries Scion Source Trees Samples Tested (bars)

10.00 4000
9.52 Molecular 2018 APS Award for
9.00 g5y Laboratory Tests Excellence in Regulatory | 35qq
— 3.00 \ Voluntary 1 [ 781 Affairs and Crop Security
g Bioindexing | . - 3000__
= 5090 I Mandatory | High A
El 3.57 RT-aPCR ' Throughput 2
@ 6.00 - 2005
< &
c;: 5.00 2000 H
2 2
5 4.00 1500 &
"E (7]
£ 3.00 5
o - 1000 %
]
+ 2.00 2
2 £
1.00 - 500 3
0.00 -0
Q \
,»Q A

Citrus Clonal Protection Program
... Starting cifrus correctly
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