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CALIFORNIA CITRUS ACREAGE 2018
262,700 ACRES (106,310 HA)
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Fresh fruit market

Export markets
Japan

S. Korea

China

Australia

New Zealand
Canada

Equipment

Cutworm/Earwig

Katydid

Price per box Juice Choice Fancy
Navels $1.50 $13.13 $25.30
Valencias $1.60 $12.50 $20.50
Mandarins $0.28 $17.50 $29.70

These numbers
vary from year to
year, as the
season
progresses and
for different
citrus varieties



San Joaquin Valley Citrus IPM
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Citrus Red Mite, Panonychus citri

N ~/'

Fairly easily
controlled by
natural enemies
and soft
pesticides such
as oils and
miticides

Mite damaged Undamaged

Predatory mite,

Euseius tularensis

Summer heat
+ virus

Rind damage
Lower yield
Threshold: 8 adult mites/leaf




Citrus Thrips, Scirtothrips citri

'Wiﬁgl’ess; istand Zf'dt.ins_tar thrips ,

Natural enemies
help, but don’t
bring scarring below
an economic
threshold.

Treatments are
applied from petal
fall until the fruit is
2.5 cm in diam.
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Forktailed Bush Katydid,

Biological control is minimal and damage is
heavy = pesticides are necessary
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San Joaquin Valley
Citrus Red Mite  Oils, miticides Pest Management

) Navels & Mandarins
Citrus thrips + katydids

Thrips: spinetoram, cyantraniliprole, spinosad, abamectin, formetanate
Katydids: pyrethroid, diflubenzuron, kryocide

Joo—w

Broad spectrum

Soft on natural enemies

3-4 insecticides/year



Thrips, katydids and earwigs cause less damage to Afourer than

navels or clementines
Citrus type

Oranges
Mandarins
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Mandarins need specific citrus thrips guidelines



Citricola Scale, Coccus pseudomagnoliarum

Sooty mold
Yield

Biological control is very
poor and broad
spectrum insecticides
are needed
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San Joaquin Valley
Pest Management
Navels & Mandarins

Citrus Red Mite Oils, miticides
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Citrus thrips + katydids

Thrips: spinetoram, cyantraniliprole, spinosad, abamectin, formetanate
Katydids: pyrethroid, diflubenzuron, kryocide
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Citricola scale 2acetamiprid, thiamethoxam, imidacloprid,
buprofezin

<
«

v

Broad spectrum

Soft on natural enemies

4-5 insecticides/year



california REd Scale; Biological control is very
Aonidiella aurantii  ©ffectve it broad

spectrum insecticides
are avoided and trees
are cared for

Downgrading of fruit
Yield Loss




M California Red Scale

. Monitoring: pheromone traps, % infested fruits,
“w crawler tapes

California Red Scale
Life Cycle
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Pesticide treatments timed using degree days = accumulation of the average daily
temperature above the lower developmental threshold (53°F)
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California red scale management

Chemical control:

Soft pesticides:

 Qil

* pyriproxyfen* (Esteem) (1998)

* buprofezin (Applaud/Centaur) (1998)
e spirotetramat (Movento) (2008)

Broad spectrum pesticides:

e chlorpyrifos* (Lorsban)
e carbaryl* (Sevin)

*resistant populations

University of California —
Agriculture and Natural Resources



Insecticides Used for Scale Control
in the San Joaquin Valley California red scale
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O Thiamethoxam @ Pyriproxyfen B Buprofezin B Spirotetramat

Chlorpyrifos is also used for caterpillars, katydid, ants, and soft scale pests
Methidathion, malathion, and carbaryl are also used for cottony cushion scale
Imidacloprid and acetamiprid are used for GWSS, but provide some scale control



When to spray: decision making

Pest Control Advisors have traditionally used pheromone cards to watch populations on a
weekly basis — or put them out during the 4t flight to decide which orchards to spray
next year.

4t flight > 1000

Orchard 2 - California red scale scales treat
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During the season: check leaves and twigs and the wood for live scale

e |sthe scale just on the dusty roads or
throughout the orchard? (edge effect)

e Look at the interior and tops of the
tree to see if scale is building there
(improve coverage)

e Rub your thumb lightly over the
scales and see if they easily rub off
(get to know live vs dead scale)

e One month after treatment, take
samples back to the office and look
closely at 2" and 3™ instar scales to
see if they are healthy or parasitized
(is biological control helping?)




Walk the orchard and check fruit for live scale
At harvest check bins of fruit

Estimate the % of fruit
with >10 scales

If you find more than 5% of fruit
infested, the block likely needs a
treatment next year
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Recommendations for chemical control of
California red scale:

*Timing: treat the stage that is most sensitive

eTreat generations 1 or 2 when the scale population is
uniform in stage (exception is spirotetramat, which
seems to work in fall)

eUse the selective insecticides that allow natural
enemies to survive when you can

eRotate products to avoid resistance

eGood coverage: 750-1500 gpa (7000-15000 I/ha)
(spirotetramat 2500-5000 I/ha)

eDrive slowly! < 1.5 mph (2.4 kph)



Aphytis melinus parasitoid releases

Release 5,000 wasps/acre every two weeks, every six tree in every sixth row from
March 1 to October 31 = 100,000/acre for the entire season



California red scale management

Cultural Control:
Reduce dust, prune trees, high pressure washer,
minimize broad spectrum insecticides

Biological Control:

Aphytis melinus: Release 5,000/acre every two weeks
from March 1 to October 31 = 100,000/acre (250,000/hectare)
Cost: $.85/1,000 wasps = $85/acre ($200 USD/hectare)

*resistant populations



Issues that are game-changers for citrus IPM
* Weather

Dry hot years promote these pests :
***California red scale

Citrus red mite

Citrus thrips

Cool wet years promote these pests:
Citricola scale
Snails



California Red Scale Degree Days
Lindcove Research and Extension Center

——30 year Average ——2010 2011 —2015 —2016 - -2018
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Factors that caused red scale problems to escalate in 2012-2019?

Heat = fast development of scale, more generations and the parasites don’t keep up
Warm winter = scales of all stages developing at all times, less overwintering mortality
In season drought — dusty, stressed trees have more scale, parasites don’t work as well
Insecticide treatments only last about 1 generation — forcing growers to treat more often
Some insecticides don’t control scales on wood (imidacloprid, spirotetramat)

nmRhwNR
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San Joaquin Valley
Pest Management
Navels & Mandarins

Citrus Red Mite Oils, miticides
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Citrus thrips + katydids
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Thrips: spinetoram, cyantraniliprole, spinosad, abamectin, formetanate
‘ Katydids: pyrethroid, diflubenzuron, kryocide

Citricola scale acetamiprid, thiamethoxam, imidacloprid,
buprofezin

»
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pyriproxyfen, spirotetramat, X 2-3
carbaryl, oil

»
»

California red scale
1 <

Broad spectrum

Soft on natural enemies

6-7 insecticides/year



Number of Males per Trap
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Replication 1

20ac Juvenile Navel Block
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<= |ntreated Control

5 orchards

10-20 acre (4-8 ha) plots

Split control/pheromone Checkmate CRS lures

180 dispenser/acre
Deployed February 16" 2018
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- CheckMate CRS - Efficacy

Treatment Rep

Rep 1

Rep 2

Rep 3

Rep 4

Rep 5

% Fruit with >10 Scale

Date Dec 7th, 2018 Dec 3rd, 2018 Dec 8th, 2018 Dec 10th, 2018 Dec 11th, 2018
Untreated Control 6.62 11.63 2.09 0.63 5.03
Suterra pheromone 7.23 0.18 0.19 0.01 0.28
dispenser

Percentage Reduction 0 98.4 91.1 98.7 94.5
Chemical Application | o579 \ovento | 5/07/18 Movento | 5/07/18 Movento 5/21/18 Movento
(In Both Control & No

Treatment)
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@ 10o0z/ac

@ 10o0z/ac




Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

San Joaquin Valley
Pest Management
Navels & Mandarins

Citrus Red Mite Oils, miticides
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Citrus thrips + katydids
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‘ Thrips: spinetoram, cyantraniliprole, abamectin, formetanate
“ Katydids: pyrethroid, diflubenzuron, kryocide

buprofezin, acetamiprid, thiamethoxam,
imidacloprid

- »
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Citricola scale

pyriproxyfen, spirotetramat,

1 California red scale  carbaryl, 0il  + pheromone

»

Broad spectrum

Soft on natural enemies

4-5 insecticides/year



A study of the biology and management

https://campus.
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extension.org

/ .

Dept. of Entomology, University of California Riverside


http://campus.extension.org/

Issues that are game-changers for citrus IPM
* Weather
o Dry conditions promote red scale and thrips

* Pests of Export Concern and MRLs
o South Korea
o Australia/New Zealand



Pests of Export significance — reduction in MeBr use requires in-field
treatments

S. Korea
Fuller rose beetle
California red scale

Australia & New Zealand
Bean thrips
Mites




Eggs laid
under the
sepals

Adult

emerges and 1%t instar
climbs up the larvae drop to
tree the ground

O

' Larvae feed

\ ’ on roots

Larvae pupate

Larvae molt
and get bigger
9 months



Protocol to ship to S. Korea: Fuller rose beetle

Eggs deposited under
the calyx of fruit

Larvae/pupae in the
ground.

Adults emerge year
round and climb trees

s Statewide 1PM Project

| 2000 Regents, University of California

2 treatments:
Skirt foliar thiamethoxam
Prune or soil bifenthrin

harvest

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 1 [ 7 |

Peak adult emergence



Growers eliminate groves from Korean export if they
find high numbers of adult beetles using a beating sheet



Orchards are also checked for FRB eggs prior to harvesting,
using a metal tool to lift up the sepals and look for eggs.



Live eggs Dead or hatched eggs
— whitish or yellowish — dried out

and plump
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San Joaquin Valley
Pest Management
Navels & Mandarins

Citrus Red Mite Oils, miticides
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Citrus thrips + katydids

<« »

Thrips: spinetoram, cyantraniliprole, spinosad, abamectin, formetanate
Katydids: pyrethroid, diflubenzuron, kryocide

Citricola scale  acetamiprid, thiamethoxam,
imidacloprid, buprofezin

-
<

) ) riproxyfen, spirotetramat, oil,
California red scale Pyrip y P
{ ) buprofezin, carbaryl

|t + pheromone
Fuller rose beetle

. thiamethoxam or
Y g, bifenthrin x 2

6-7 insecticides/year

Broad spectrum

Soft on natural enemies

a
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Issues that are game-changers for citrus IPM
* Weather
o Dry conditions promote red scale and thrips

* Pests of Export Concern and MRLs
o South Korea
o Australia/New Zealand

* |nvasive Pests



The California Situation
Goal: reduce psyllids to reduce the spread of disease

http://ucanr.edu/sites/ACP/

Central/Northern CA:
Eradicative/ Coordinated
Treatments — treat find sites
with two insecticides Siniabis I L s
Commercial citrus: 800 meters
or coordinated treatments
Urban: 400 meters

Southern California:

N

Area-wide treatment program Q
Commercial citrus: Growers
treat together over a 2-3 week
window (early winter & fall)
Urban: parasites released

:l HLB Quarantine
E ACP Quarantine
Total number of ACP detections since 2008 per square mile
1-10
11-50
| B

Commercial Citrus

Victorville

Yuma Barmry M

= Mexica Goldwater Air
Tijuana Force Ran



http://ucanr.edu/sites/ACP/

Nymphs

Average of 44 Ventura Sites by Management Strategy
Nymphs per Flush

—Broad —Soft —Organic
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Broad: pyrethroids, imidacloprid, thiamethoxam, flupyradifurone, OPs
Soft: spinetoram, spirotetramat, cyantraniliprole, abamectin
Organic: pyrethrins, spinosad, Oil, kaolin
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Tamarixia radiata parasite releases
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San Joaquin Valley
Pest Management
Navels & Mandarins

Citrus Red Mite Oils, miticides
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Citrus thrips + katydids

<« »

Thrips: spinetoram, cyantraniliprole, spinosad, abamectin, formetanate

Katydids: pyrethroid, diflubenzuron, kryocide

acetamiprid, thiamethoxam, imidacloprid,
buprofezin

pyriproxyfen, spirotetramat, buprofezin,
oil, carbaryl

>

a

Fuller rose beetle

thiamethoxam or
bifenthrin x 2

S
v

Broad spectrum

Soft on natural enemies

Asian citrus psyllid

<
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neonicotinoid

pyrethroid 7-8 insecticides/year




% Science for Citrus Health

https://ucanr.edu/sites/scienceforcitrushealth/

About Us

Background

Research Snapshots

- General Topics

- Early Detection Techniques (EDT)

- Disease Management

- Psyllid Management

- Tools

Outreach Resources

Contact Us

Research Snapshots

P
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We have developed short, descriptions of research projects that aim
to help in the fight against HLB. These projects include traditional
breeding and genetic engineering to create resistant citrus varieties,
psyllid modification, using other organisms to deliver HLB-resistance
genes, and early detection of the bacterium in trees. Click on the
links below to explore Science for Citrus Health.

@ Available

Research Snapshot Categories
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Metabolite changes in the tree
can help detect Huanglongbing

Research by Or. Carolyn Slupsky, University of California, Davis
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nth FoodSci-

‘metabolite profiles of citrus trees, and to identify one cthat
indicates early CLas (the bacteria that causes HLB) infection.

How can metabolites be used to identify
infected trees?
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What are the challenges and opportunities?

The main challenge is field validation, becsuse teuly healthy,
noa-CLas-nfected trees are not guaranteed i the ield i
the psylld vectoe is present. However, this method has been
successful in correcly identifying CLas-infocted fed trees:
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Toaves akocvid whh

P
(CTV), canker, or citrus stubborn infections are different
from the metabolite profle of leaves infected with CLs.
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Canines can detect trees infected with w

Research by Or. Tim Gottwald, USOA-AfRS,

the bacterium that causes huanglongbing
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What is the technique?

Canines have a highly sensitive scent detection capability that

s significantly belter (parts per trillion) then most labora-
tory instruments and they can be trained to “alert” fcither
sit or lay) when they detect specific ‘smells’ (knawn as scent
signatures). Mast peaple are fam ith their ability to
detect borubs, drvgs and plint el siport. Homes

a2 weeks after CLas-infected psyllids fed on the trees. In
can take 1-2 years for CLas to di
mature citrus tree sufficiently for the bacteri
i sampled e leaves, which are then tested and shown o
be infected using laboratory techniques, such as Polymerase
lhun kumon (PCR). Usmscamnu w dmcum\ n-

hute ieselfina
1 10 be present

EARLY
DETECTION DISEASE )
TECHNIQUES MANAGEMENT

New genome editing technologies - CRISPR
Drs. Peggy Lemaux, Backy Mackelprang (UC Berkeley) and Elizabeth Grafton-Cardwell (UC Riverside). Updatad 12/20/18.

also used to detect b bed
bugs, and agricultural pests, such as stink b\.\g\, dm palm
weevils and imparted fire ants. With regard to agricultural
pathogens, canines have been shaw ta detect with greater
than 98% accuracy the fungal pathogers thal causes laurel will
discase in avocado, the bacterium that causes citrus canker
discase in citrus, and plum pox virus in peach orchards.

.|I|fon\n wherr HLB s currendly mmud it
of the state and identify areas where increased psyllid control
measures are neede

Who is working on the project?

D Tim Gottwald, Rescarch Leader and Epidernivlogistal the
USDA, US. Horticultural Rescarch Laboratory in Fort Picrce,
Flnndl. and additional collzborators

General Topics

Rescarchers have been raion-
ing and evaluating the efficacy
of canines for detecting "Can-
didatus Liberibacter asiaticus”
{CLas), the bacterium that
couses huanglongbing (HLB),
for 5 years in Horide, and
ClLas detection efforts with
canines have recently begun
in Califoraia, Dogs have been
trained in both the laboratory
environment and in the ficld.
Researchers have demanstrat-
ed that well ned canines
<an detect CLas over 95% of
the time in commerial trese
and over 92% Tesider

E g Ui
sm' and the Califarnia Deparment of Foad and Agriculture.

What are the challenges and opportunities?
he volatile scent signature associated with Clas-infection
settles fi
cuut infections pooling a the bse of the tree, The detector
dug intersugates the tree holistically by alerting in scconds on
the scent signature regandless of its origin (ic. 2 smglc leaf,
enat, stem or the entire tree if systemically i
versely, ather detection technalogies, like PC o
selecting and processing a small imount of ssue from L\rge
trees and often because infected tis-
suc s sa rare in newly infected trees. Early detection via dogs
is devoid of these sampling issues. Thereiore, it is difficult to
al trees. Rescarchersdid — vonfiem CLas detections by available
hetween ‘hemical dg lion methods

vg that the canines tested in hot and cold temperatures and with wind speeds up

t0 20 MPH with no perceptible degradation in detection.

Genes, Genomes and Genetic Engineering in Citrus
Drs. Peggy Lemaux (UC Berkeley) and Elizabeth Grafton-Cardwell (UC Riverside). Updated 12/20/18.

How is the HLB-associated bacterium detected in citrus trees and Asian citrus psyllids?
Dr. Greg McCollum, USDA, ARS, Fort Pierce, FL. Updated 7/24/18.

The value of early detection technologies (EDTs) for HLB management
Dr. Neil McRoberts, University of California, Davis. Updated 6/4/18.

Citrus rchands afcted with Cirs risect irus, s, the
fungal pathogen Phytophtkora or the bacterium that causes
citrus stubborn, the (T as-trained canines do not respond to
These diseases.

Early Detection Techniques

Human scouts rrqmn ral minutes per ree 1o visual-
then
hich st he Eranspocted to e dlagmiuc ab for processing
and analysis, which is fime cansuming and labor-intensive.
“The canines provide a signifi- Whereas, in & residential environment dogs can assess a
cant apportunity 1o he used as  trees in even large yards in & couple of minutes. ‘The major
an Farly Detection Technology  limitation to the number of trecs & dog can assess per day is
(EDT) in Califurmia. Inafield  access to these residential properties and the time required
study using potted citrus in 1 relocate fram property 1o property. Tn commercial groves
Florida, dogs could detect C1as a team of twy dugs and one handler can survey a 10 ace
in some of the trees as early planting (~1300 trees) in 1-2 hours depending on the number

@ Starch accumulation sensor for early detection of HLB

Dr. Alireza Pourreza, Department of Biological and Agricultural i i Uni ity of Calife Davis, Updated 6/21/18.

The value of early detection technologies (EDTs)_for HLB management
Dr. Neil McRoberts, University of California, Davis. Updated 6/4/18.
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https://ucanr.edu/sites/scienceforcitrushealth/

Goals of California Citrus IPM

Manage pests in a way that is economical and sustainable.
Minimize broad spectrum pesticide use to maximize natural
enemies. Address pesticide resistance, worker safety, bee
health and environmental issues.

Biggest issues affecting the citrus IPM program:
» Weather changes

» Export Issues

> Invasive Pests

> Availability of pest control tools and pesticide resistance
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