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1) Dr. Florent P. Trouillas-
UCCE Plant Pathology Specialist, UC Davis

2) Dr. Themis J. Michailides-
UCCE Plant Pathology Specialist, UC Davis

3) Dr. Greg Browne-
USDA-ARS, Plant Pathology




DIAGNOSIS AND MANAGEMENT OF
FUNGAL CANKER DISEASES OF ALMOND

Florent Trouillas

Associate Professor of Cooperative Extension

UC Davis, Department of Plant Pathology

Kearney Agricultural Research and Extension Center
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Field surveys:

Holland et al. 2020. Plant Disease.

Ceratocystis canker

Band (Bot) canker
Phytophthora cankers

Cytospora canker

Eutypa canker

Collophora canker

UCDAVIS



Fungal pathogens associated with cankers:
Holland et al. 2020. Plant Disease.

Botryosphaeriaceae 26 fu ngal SDECiES!
* Botryosphaeria dothidea

| Neouicoreum medlenaneum  Ceratocysts fimbriata

* Neofusicoccum vitifusiforme

* Neofusicoccum parvum Collophora hispanica
* Neofusicoccum arbuti Collophora paarla
* Diplodia seriata Eutypa lata

: , . Cytospora eucalypti
* Diplodia mutila Cytospora sorbicola

* Dothiorella iberica Cytospora sp. 1 Phytophthora cinnamomi
Cytospora sp. 2 Phytophthora cactorum

* Macrophomina phaseolina
Cytospora sp. 11

* Spencermartinsia viticola Cytospora sp. 13

* Neoscytalidium dimidiatum

UCDAVIS




eratocystis ca . caused by Ceratocystis destructans

« Associated with shaker injuries

UCDAVIS
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Botryosphaeria canker diseases: caused by Botryosphaeriaceae fungi
 Band Canker:

— Associated with growth cracks and pruning wounds
— 2 to 5-year-old trees, vigorous cultivars (NP, Carmel, Padre, Butte)

UCDAVIS




Cytospora canker: caused by several Cytospora spp.
« Common in prune and cherry orchards
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Cytospora canker: caused by several Cytospora spp.
« Also found in almond

UCDAVIS




caused by Eutypa lata

a canker
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Silver leaf: Wood decay/canker

» Chondrostereum purpureum

 Also infect at pruning wounds

« Severe cases last few years in California

UCDAVIS
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Foamy canker
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Abiotic injuries:

Herbicide injury Acid burn Boron toxicity

UCDAVIS




Molecular diagnosis:

. Developed using 23 species-specific primers targeting all canker pathogens \J—_ﬁ

. Processing time for the diagnosis has been reduced to about 24 hours, compared to the 3 week CALIFORNIA DEPARTMENT OF
FOOD & AGRICULTURE

Botryosphaeria dothidea

Bd F/Bdot R2

o
- w RS SRR G T T G Gy ¢
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Main infection courts of fungal canker diseases:

» Infections occurs at wounds caused by cultural practices
* Mainly during primary and secondary scaffold selection
 Not seen when hedging or topping trees

Scaffold selection Harvest (Ceratocystis only) Maintenance pruning (removing or large branches)
R, i} ] g

UCDAVIS



Main infection courts of fungal canker diseases:

* Most infections occur at pruning wounds made for primary or secondary scaffold selection

Botryoshaeria ‘Cerato;/s‘tis% | | pa Cytospora

UCDAVIS




I Almond tree pruning:

Slide credits: Roger Duncan

Standard trained, pruned Minimally trained, minimally
annually pruned unpruned

\ R———— . o -

Untrained,

UCDAVIS



Main infection courts of fungal canker diseases:

* Most infections occur at pruning wounds made for primary or secondary scaffold selection

UCDAVIS




Management of canker diseases:

PREVENTION (No curative options)
» Protect pruning wounds on the trunk following scaffold collection
» Prevent disease establishment in the early years of trees
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E Management of canker diseases:

» Fungicides, pastes, sealants, paints, biocontrol agents were tested
(Holland et al. 2021. Plant Disease.)

Fungicide efficacy against all canker pathogens combined
Vintec(Trichoderma2 g/L
Topsin M

Vintec (Trichodermas g/L

Blﬂf““ ['E[dﬂ Vintec(Trichoderma 0.5 g/L
* Neem oil

Quilt Xcel

L ents

* Thyme oils £
2 Rhyme

Quash
Merivon
Acrylic paint
Water control

Eutypa lata, Ceratocystis destructans, Cytospora sp., Botryosphaeria dothidea, Neoscytalidium
dimidiatum, Neofusicoccum parvum, Neofusicoccum mediterraneum, Diplodia mutila

(=1

20 40 80

=

Mean percent disease control

UCDAVIS




Trichoderma: Antagonistic fungi — Non toxic

Acts as a competitor and mycoparasite

Chemical Trichoderma

Untreated (Eutypa lata)

E. lata treated with Trichoderma

£33 4
.
1

Wl S
E. lata treated with Trichoderma

UCDAVIS



Application of Trichoderma biocontrol agent (Vintec) at pruning:

'Backpack _
manual
pressure
sprayer. -

50

80

70

60

50

40

30

20

10

Percent fungal recovery for all pathogens comibed according to the various
treatments

Water Control Vintec 0.5 g/L Vintec 1.0 gfL Vintec 1.0 g/L + Nu Film P Vintec 2.0 g/L Topsin M

% Pathogen recovery

Control Topsin M Vint0.SgNFP-bss VintlgNFP-bss Vint1lgNFP-bo

m Eutypa lata m Neofusicoccum parvum m Botryosphaeria dothidea



Biocontrol of canker diseases:

» Trichoderma products

Table 5. Field assays — Neofusicoccum parvum. Mean percent recovery (MPR; %) for Neofusicoccum parvum when inoculated (500 conidia /

wound) onto almond pruning wounds after applications of biological control agents (BCA). Values are presented separately for each almond

cultivar (Sonora vs. Non-Pareil) and each timing of inoculations (24h vs. 7d after BCA application). Included as chemical, positive control was the

application of thiophante-methyl whereas negative control wounds were sprayed with water before pathogen inoculations. Mean percent
disease control (MDPC) was calculated as the reduction in MPR as a proportion of the water inoculated controls: 100 = [1 —
(MPRtreatment/MPRcontrol)]. Field experiments included 20 biological replicates with experiments conducted in duplicate. MPR for each BCA

are presented.

N. parvum - Sonora cv. -

N. parvum - Sonora cv. -

N. parvum - Non-Pareil

N. parvum - Non-Pareil

24h 7d cv. - 24h cov. -7d
Treatment Active Manufacturey MPR MDPC ':g: MPR  MDPC ':g: MPR MDPC E(I:JE MPR  MDPC ':g:
ingredient(s) (%) (%5) (%) (%) (%) (%5) (%) (%)
(%) (%2) (%) (%)
Control water NA 95 NA 0.0 66.7 NA 00 81 NA 00 595 NA 0.0
Trichoderma
gamsii
ICC080 and
BioTam . an Isagro 675 289 25 56.8 148 162 526 359 132 289 5L4 132
asperellum
ICC012
RootShield T. harzianum B
e AL AGS BioWorks 875 7.9 7.5 a5 125 100 605 263 184 20 664 286
T. artroviride
RTFTO14 rero1 NA 69.2 272 231 308 538 333 421 487 237 194 674 389
Topsin M thiophanate- United 128 865 2.6 158 763 0.0 0 1000 00 0 1000 0.0
methyl Phosphorus
vintee ar;z:’”de Bi-PA 526 446  47.4 211 684 447 342 583 500 147 753 412

? Application rates are detailed in Table 2. Treatments were applied with spray bottles 24h or 7d before pathogen inoculations. Thiophanate-
methyl applied at a rate of 0.8 g/L.

CALIFORMIA DEPARTMENT OF
FOOD & AGRICULTURE

=q"

A Eutypa lata - Sonora cv. | B Eutypa lata - Non-Pareil cv.
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Figure 3. Field assays — Futypa lata. Predicted probabilities of the event “pathogen recovery = 07 (i.e. no infection)
for Eutypa lata when inoculated (500 ascospores / wound) onte almond pruning wounds after applications of
biological control agents. Included as chemical, positive control was the application of thiophante-methyl whereas
negative control wounds were sprayed with water before pathogen inoculations. Values were obtained from a
linear mixed logistic regression model and based on duplicated experiments with 40 biological units per
experiment sither conducted in (A) Coluza county on almeond cultivar Sonora or in {B) Yolo county conducted on
Mon-Pareil cultivar. The solid black lines with black dots represent the predicted probabilities and the dashed lines
represent the 35% confidence limits around the predicted probabilities. In each panel, protectants are sorted from
the largest to smallest predicted probability values. Tukey-Kramer (@ = 0.05) mean separation is indicated by
letters.



E Management of canker diseases:

» How often should growers spray after pruning?

» Duration of pruning wound susceptibility
% fungal recovery

100
80 BN Eutypa lata
60 " N. parvum
B. dothidea
40 .
I Neoscytalidium
20 ‘I II W Cytospora
O |
O 1 2 3 5 8

Apply
protectant!



I Management of canker diseases:
* When to prune?

2017

10,1,2,3,5, 8 weeks

0,1,2,3,5, 8weeks

UCDAVIS



Management of canker diseases:

* When to prune?

 Avoid rain events

» Fungal spores are released during rain events

# Ascospores Rain (mm)
60 4.5
- 14
50
+ 35
40 3
+ 25
30
B Ascospores A 4 02
20 rain 1.5
/
10
- 0.5
0 - 0
Q Q) Q Q ) £ £ ) ) £ £ £ N
<§3 @ h<_> b() .\‘bQ r@@ <s° S $ @ @ S QQ N 0“ @ '{bb @Q q}o Q@ N RS c?' <§3

UCDAVIS




E Management of canker diseases:

* When to prune?

September 2017 October 2017 Key:

100 o B
2 . d a0 B Control | B. dothidea
S o $ 60 I Eutypa B Neoscytalidium

a
J
- [ =]

[ &
ung

3 5 8 : 1 % 2 = U Delayed pruning

wound age (weexs)

© 40 l ! ‘ 4 B N. parvum
| J
Woun

d age (weeks)

November 2017 December 2017 January 2018

100

ungal recovery
» O O O
- o ] - |
W !.".j'

fungal reco

ungal recovery
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-
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* Fa - 12
=
| i - 0 I I 0
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| Thank you!

C/ california Holland et al. 2020. Plant Disease
almonds ﬁa Holland et al. 2021. Plant Disease
Almonds.com = CALIFORNIA DEPARTMENT OF
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Relations ip 0 Botry sphat dothidea and
Hendersomﬂa toruloid to a Cank Disease of Almond
Harley Eaghish. James R Davis and J. E. DeVay
Dcp;‘-\vtment of Plant pathology. University of (f.'ali{em'sa. Davis 95616. present address of second author: granch
Yi:&pcrimcm Sration, University of 1daho, Aberdeeh 23210,
Acccpwd for pub\'\cm'\un August '
ABSTR ACT
An unusual € ynket discase of aln ond ( prunus & gc‘z‘at‘tm there Was po evidence ol a s\_.-mn_'samt ‘c\‘.almnxh‘,; hetwee
caused DY Botr posphaeria Jdothidea ™ described. gandlike O these tWe {ungi in the {ormation of cankers: The mycelium o8
rregulal cankers 8f¢ formed on {he trun or scaffol poth argamsms wuv.tmmdprmc\pnn\_‘ in the lumen ¢ cells 1n
pranches ol \*igumu%}oung uccs.nccn\a'mna\‘.ly czms\ngdcath both xylem and phloem nd 1 p;wscd from cell ro-cel
of the parts distal 10 the pont ol nfection A second fungus mostiy through pits: Qinee the cexual stage of B.dothi jea w2
(ku!vrsumdnmr wloided) was{'mmd in many of the cankers: not found, the \dentificationt of the yimond isolate as
put in pature \( appears ¢ pe mainty: if not entirely, @ Jothided was  bast on asexual SABS \l‘)l‘:-’i:l‘rt‘szik
seeondary invader. Both fungi, hov er, Were able t0 induce morphology - gerology. and p;\l\‘m\ng, Ihe almond cultiviy E
canker {ormation when mycc\i;\l noculum was p\;\ccd in ’-.\"mmm‘cl\ was mor wepeptible 1O canker than either N Pl
cortical wounds on the cambium ot ON wylem cxpnscd by Ultra oY Mission. | A s ar without 8 WO
prun'\ng. Naturd pfection by B. dothided ;\mmucd 1o be pa‘ulccmm_ was of COnCIUS-
caeangh cortical g,mw\h cracks The mnkcrmnduucd by both IoN from 2
oty annudl rather than pu‘mniul and B PhylopaTT~ 005 resea
and rch:
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Band canker on almond trunk NASE

double band canker
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The Causes:

Summary of Botryosphaeriaceae in nut crops — California

Fungal species Almond Pistachio Walnut
Botryosphaeria dothidea '+ * +
Neofusicoccum parvum '+ + +
Neofusicoccum mediterraneum '+ * +
Diplodia mutila - --- +
Neofusicoccum nonquaesitum + +
Neofusicoccum vitifusiforme ] *
Diplodia seriata ‘++ +
Dothiorella iberica "" M +
Lasiodiplodia citricola ""ﬁ N +
Neoscytalidium dimitiatum | eeesssssmmsnssssmsp s L
(=Hendersonula toruloidea) TR ........_._._._._._.;_._._._._._._. ................. o
Diaporthe rhusicola (Phomopsis) "" ........... N +
Diaporthe neitheicola (Phomopsis) - --- +




Botryosphaeria dothidea reproductive structures

l/ - \\ N
conidia ! d "
A 2 , Y dSCoO- \
~3- \ spores ,
N - _ 7’
water
splashed
or insect airborne
spread T
- ’ A
N ascocarps \
{ pycnidia , AN 2




When do infections develop the most?

Canker length (cm)
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7, Disease management ¥

S ¢ y
. 4 A

; b
- r
O g

K. - 3

r

L

- =
e
-
-

"LE‘;

LR e -
=~ Canker curing by injecting fungicides -

[ T8 W -

9 la ¥ 5 " . I‘P"l" T - -




Irrigation management reduces band canker
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Inoculum source

Band canker gradient with distance from the walnut orchard | o375

100
B [ Light
[ Moderate
N Sovere
80 —
HE Re=plant
Q
& 60
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=
o 40-
o
less disease; no dead trees
20 -
ﬂ ] ] ] ]

42 3B 24 18 12 6

Distance from walnuts (meters)
West = East
Almond orchard Walnut orchard




Band canker gradient with distance from the inoculum source
(riparian trees along the water canal)

Band canker incidence (%)

35 :
A

30°

more disease

251 1
20
19-
10

5-

no disease H H

500 450 400 350 300 250 200 150 100 50 O
Distance from irrigation canal (meters)
West == East

0

Inoculum source

Almond orchard

3rd Jeaf Nonpareil/Padre; inoculum source: riparian trees and
water canal




2" - |eaf orchard severely damaged by 3"d-leaf almond orchard with gaps
band canker (Butte County) due to Band Canker (Stanislaus Co.)

T P s LR e

BECutting/AvCRS

Hypotheses:
uniformly

Or, the trees were delivered to the orchard
bearing latent infections (not showing any
disease symptoms).

We needed then to develop a method to detect latent
infections early in tissues with no symptoms




qPCR, a molecular technique to quantify the DNA of canker pathogens

/(

1. Sample collection and processing [ 2. Grinding and DNA extraction
[] - il == [

Sample weight(g) Dilution Ct calculation of fg total fg  /weight MS(a)
PAN4-1 0.32 60 3647 2194821 156.6105 4698.316 14682.24 217
PAN4-2 0.34 60 36.62 2150466 141.4054 4242.162 12476.95 4.10
PAN4-3 0.33 60 N/A #VALUE! “#VALUE! “#VALUE! “#VALUE! ~ #VALUE!
PAN4-4 0.36 60 36.03 2324929 211.3144 6339.431 17609.53 4.5
PAN4-5 0.29 60 36.62 2150466 141.4054 4242.162 14628.15 217
PAN4-6 0.4 60 3654 2174122 149.3214 4479.641 11199.1 4.05 |:>
PAN4-7 0.32 60 35.65 2437295 273.7127 8211.382 25660.57 441
PAN4-8 03 60 38.18 1689174 48.88482 1466.545 4888.482 3.60
PAN4-9 0.34 60 38.29 1656647 45.35728 1360.718 4002.113 3.60
PAN4-10 0.36 60 39.03 1.437829 27.40495 822.1485 2283.746 336
PAN4-11 0.27 60 37.79  1.804497 63.75247 1912.574 7083.608 3.85
PAN4-12 031 60 36.88 2073584 118.4633  3553.9 11464.19 4,06
PAN4-13 035 60 37.21 1976003 94.62437 2838.731 8110.66 3.91
PAN4-14 0.38 60 37.68 1837024 68.71064 2061.319 5424.524 3.73
PAN4-15 0.42 60 3678 2103154 126.8101 3804.304 9057.868 3.96
PAN4-16 0.39 60 3638 2221434 166.5076 4995.227 12808.28 411

“ PAN4-17 0.28 60 36.17 2283531 192.1016 5763.048 20582.32 431
PAN4-18 0.37 60

3. Quantitative PCR assay

3] D15 3702.743 3.57
Data analysis




Incidence of latent infection of canker pathogens in new and 1-year-old shoots from 3
almond orchards

Incidence of latent infection (%)

=
= Wn
1

Newly-emerged shoots 1-year-old shoots

== = MR W W
o B R s I B s B ¥
I 1 1 I I 1

First leaf Second leaf Third leaf First leaf Second leaf Third leaf
Almond orchard

B Botryosphaeria dothidea W Lasiodiplodia spp. B Neofusicoccum spp.




Incidence of latent infection by 4 canker pathogen groups from shoots of different almond

varieties from a nursery.
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We started to focus on nurseries to investigate possible infections on young trees




Effects of Topsin-M applied in March 2019 in a 2" - |leaf orchard
(before any symptoms of band canker were noticed)

8 months after treatment

Treatment: March 2019, Disease recording: Nov. 2019
70

A B Control BETopsin B Topsin + Rally

60 A

A
50

40

30

20

10

Incidence of trees showing canker symptoms(%)

Rep. 1 Rep. 2 Rep. 3

Replicate of fungicide treatment

Topsin M WP 70 at 1.51 Ib/acre; Rally at 8.0 oz/acre (Each replication includes 50 trees)




The almond orchard treated in 2019 with fungicides in 37 leaf now

16 months after treatment : May 2020
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The almond orchard treated in 2019 with fungicides in 4t" - leaf now

October 2021

33 months after treatment
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Effect of Topsin M spray(s) in reducing the incidence of band canker
in a 3"9-leaf almond orchard in Yuba Co.
(after symptoms of band canker were noticed)

Treatments: 60

B Recorded in Oct. 2020 B Recorded in Oct. 2021

50 |
a) Sprayed only in October 2020

10 |
b) Sprayed only in March 2021

30

symptoem (%)

c) Sprayed both in October 2020 & March 2021
20 |

d) Sprayed in March 2021 & in April 2021
10 |

Incidence of trees showing canker

e) Untreated control

Control Oct. 2020 Mar. 2021 Oct. 2020+  Mar. + Apr.

Mar. 2021 2021
Topsin spray time
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ROOTED IN SUCCESS CONCLUSIONS:

PREVENTATIVE APPROACH (YOUNG ORCHARDS):

Obtain “clean” trees from nurseries
Spray the trunks in 1%t,2"¢, or 3" leaf orchards with
Topsin®-M at label rate.

Keep the trunk of trees dry.

Protect pruning wounds by spraying Topsin®-M at
label rate.

b3 L &
WHEN BAND CANKER IS PRESENT (YOUNG ORCHARDS):
e Keep the trunk of trees dry.
e Spray trunk and scaffolds with Topsin®—M.
* Protect pruning wounds by spraying Topsin®-M at
label rate.
 Remove killed trees and stumps (sanitation).
* Keep wood piles (spore inoculum) away from the
orchard.
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