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Diplodia seriata Associated with Botryosphaeria
Canker and Dieback in Apple Trees in Chile

Characterization and Pathogenicity of Diplodia,
Lasiodiplodia, and Neofusicoccum Species Causing
Botryosphaeria Canker and Dieback of Apple Trees
in Central Chile
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Botryosphaeria canker and dieback is an important fungal disease caused by
Botryosphaeriaceae spp. that affects the productivity of apple orchards in Chile and —
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Muerte regresiva de brazos
(dieback)

Kiwi (Actinidia deliciosa) cv. Hayward,
Region del Maule.
e &

& Manzano (Malus domestica) cv. Mac, Cleveland USA. G.Diaz & Vid (Vitis vinifera) cv. Pin
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Cancros y muerte regresiva por Botryosphaeriaceae: Hospederos frutales
en Chile

Vides

* Diplodia spp. Neofusicoccum spp.

(Auger et al., 2004. Plant Dis; Diaz et al., 2011. Plant Dis. 95; Besoain et al.,
2013. Plant Dis. 97; Diaz et al., 2013. Cien. Inv. Agr. 40; Larach et al., 2020).

Nogales

* D. mutila; Dothiorella sarmentorum
(Diaz et al., 2018. Plant Dis. 102; Igbal et al., 2023. Plant Dis. 107).
Arandanos

* Neofusicoccum australe, N arbuti, N. parvum.
(Espinoza et al., 2009. Plant Dis. 93).

* Kiwis
* Diplodia seriata, D. mutila, N. parvum
(Diaz et al., 2021. Plant Dis.).

Avellano europeo

* Diplodia coryli, D. mutila, N. parvum

(Guerrero y Pérez, 2012. Plant Dis. 97; Moya-Elizondo et al. 2023.Plant Dis
107; Lolas et al., 2024).

Paltos

* Diplodia spp., Neofusicoccum spp., Lasiodiplodia
theobromae

(Valencia et al., 2019. Plant Dis. 103).




USA Internacional background:

Carolina del Norte (sutton and Boyne, 1983)

(4 ’
Botryosphaeria dothidea and Diplodia seriata Et' O I Ogy
California (Rooney and Soriano, 2016; Elfar et al., 2024) ef.
'APS Publications

Neofusicoccum nonquaesitum and D. bulgarica
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* Lasiodiplodia brasiliense (Martins et al., 2018. Plant Dis.) o
* N. parvum (Di Franceso et al., 2020. Eur. J. Plant Pathol.) First Report of Diplodia bulgarica Causing Black
Canker on Apple in California
Canada (. Corachurs, . Busamane,  Anrews,nd A Esolens
Ontario and British Columbia (Urbez-Torres et al., 2016; llyukhin et al., 2022) 3 2O
B. dothide¢ .
Chi Incidence
INQA (Xue etal., 20 . .
e~ - Worldwide and Chile: 5 to 15% (15 years ago)
Lasiodiploq
Turke “Now:
Turkol . .
VB( ;;:hT;; California: 10-30% (Elfar et al., 2024).
Iran Canada: 2% - 45% (llyukhin et al., 2022).
(Abdollahzadeh, Argentina: 9 -29% (Lodolo et al., 2024)
D. bulgaric

SO Uth Africa (Slippers et al., 2007; Cloete et al., 2011).
D. seriata, Diplodia sp. N. australe y N. vitifusiforme.

Argentina (Lsdoloetal, 2021)
D. seriata, D mutila, Dothiorella omnivora

U ruguay (Sessa et al., 2016; Delgado-Cerrone et al., 2016)

B. dothidea, D. seriata, D. mutila, D. pseudoseriata, Lasiodiplodia
theobromae, N. australe, N. luteum and N parvum
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Cripps Pink,
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Sintomas, necrosis de la
madera en corte longitudinal

cv. Cripps Pink, Curicé

Cancros alargados que abarcan parte de brazos o tronco completos, necrosis de la madera




270 muestras
16 localidades

34 huertos

Entre 5 a 40%




Distribucion de Botryosphaeriaceae
(34 huertos estudiados)

South America

Metropolitana
Sf Region

Santiago

O’Higgins

Botryosphaeriaceae

M Diplodia seriata <>> Lasiodiplodia theobromae
® Diplodia mutila > Neofusicoccum arbuti

7,/:? National capital
® Apple orchard locations

Gr = Graneros
SF = San Fernando
Te = Teno ==

Cu = Curicéd 3 "
LN = Los Niches “ﬂ'.“'“ﬂl An .‘“ﬂ-l Ay lﬂ!ﬂ

R onci3 smaon Capital Temperature ("C) Rainfall
270 muestras S S Viin
SC = San Clemente

. Colb = Colbiin "I.'ulp.all'ilibl.l- 1.2 14.0 17.8 372
1 6 I O Ca I I d a d e S EI;I-T‘I{E{EN Buenas SI.II'IliH.E,U 7.7 14.2 ».7 142

Lo = Longavi

s B Rancazu 7.3 14.7 2.3 205
34 huertos T

Talca 4.2 21.7 L

Mean Mvlnx {mm




Fungal isolates (no.)

Frecuencia de Botryosphaeriaceae
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136 n=255 isolates

m Co-1solates

m Single 1solates

Single isolates
87%

Dip'lodia Neofusicoccum  Diplodia  Lasiodiplodia
seriata arbuti mutila theobromae

Botryosphaeriaceae species



Analisis filogenético
MP
ITS + BT +FE

Bot-2017-DS3*
Bot-2018-DS113*
Bot-2018-DS61*
Bot-2018-DS51*
Bot-2018-DS22*
Bot-2017-DS12*
Bot-2017-DS7*
Bot-2018-DS147*
Bot-2018-DS85*
Bot-2018-DS52*
Bot-2018-DS35*
98 Bot-2017-DS20*
Bot-2017-DS11*
CBS112555 ex-type
_ISH 18
6 3K67
CBS 124096 ex-type
9964, 6B99

4D33
CBS112553 lectotype
Bot-2018-DM127*
Bot-2018-DM196*
99|Bot-2017-DM21*

99 Bot-2018-DM101*
Bot-2018-DM37*
Bot-2018-DM1 84*
Bot-2017-LT8*
Bot-2018-LT42*
Bot-2018-LT66*
§,UCD191Co

-{ UCD205Co
Bot-2017-LT6*
Bot-2017-LT13*
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n

99

o
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Bot-2018-LT45*
CBS 164.96 holotype
Bot-2018-LT68*

100 2K23
—4CMW8000 epitype
2D20

97,4D13

9411 1H96

CBS 121718 holotype
89,1183

971 1L87

CMW9I081 ex-type
Bot-2018-NA32*
Bot-2018-NA145*
Bot-2018-NA232*
CBS 116131 ex-type
Bot-2018-NA24*

100| Bot-2018-NA98*
Bot-2018-NA183*
Bot-2017-NA5*
Bot-2018-NA242*
CBS 447.68

85

—
20

|dentificacién: Cultural, morfoldgica y molecular

D-C

|D. seriata Clade 1

| D. pseudoseriata Clade 11

|D. mutila Clade II[I A-C

|L. theobromae Clade 1V G-I

B. dothidea Clade V

N. mediterraneum Clade VI

N. parvum Clade VII

N. arbuti Clade VIII | J-L

Guignardia philoprina

7 dias

21 dias




Micelial growth (mm)
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Curva de crecimiento

=Diplodia seriata

=Lasiodiplodia theobromae
=Neofusicoccum arbuti
=Diplodia mutila

5‘10‘1520\25‘30\3540

Incubation for 72 h (°C)




Lesiones en ramillas de manzanos, peras, nogales y
brotes de vides en el campo
E

Brotes vid '
Y



Resultados: Lesiones en frutos

D. seriata L. theobromae N. arbuti

* Después de 7 dias de
incubacion a 209C.

* Lesiones:
. Cl’lp;)S Pink (23 a 57

* Promedio 35 mm

* Fuji (24 a 61 mm);

* Promedio 48 mm

Virulencia en frutos
L. theobromae > D. seriata> N. arbuti



Lesiones en frutos de manzanos (8 variedades)

Diameter of lesion on mature apple fruit cultivars (mm)*

Species/isolate Fuji Granny Smith  Braeburn  Cripps Pink Modi Scarlett  Red Chief Gala Mean
Diplodia mutila
Bot-2017-DM2 26.0 b-h 15.9 b-f 8.2 b-f 13.0 b-f 16.0 b-f 13.0 b-f 8.8 b-f 4.7 b-d 13:2
Bot-2018-DM184 40.3 e-i 17.7 b-g 21.3 b-h 14.0 b-f 9.1 b-f 17.5 b-g 12.4 b-f 2.2 bd 16.8
Diplodia seriata
MZ-F1° 32.7 b-i 18.2 b-f 17.6 b-g 18.4 b-g 8.7 b-f 5.8 b-d 4.0 b-d 3.9 b-d 16.7
Bot-2017-DS3 40.5 f-i 21.0 b-h 22.9 b-h 244 b-h 229b-h 104 b-f 4.8 b-d 9.6 b-f 19:5
Bot-2018-DS22 31.5 b-i 36.7 d-i 21.2 b-h 10.6 b-f 9.3 b-f 3.3 b-d 5.1 b-d 10.8 b-f 16.1
Bot-2018-DS52 24.8 b-h 19.4 b-h 4.3 b-d 10.0 b-f 17.8 b-g 2.3 b-d 4.2 b-d 5.2 b-d 11.0
Bot-2018-DS85 45.7 e-i 26.5 b-h 9.7 b-f 12.5 b-f 7.9 b-f 5.8 b-e 15.8 b-f 4.0 b-d 15.8
Bot-2018-DS147 53.5 h-i 32.5 b-i 26.7 b-h 25.7 b-h 10.1 b-f 16.8 b-g 6.5 b-f 2.8 b-d 21.8
Lasiodiplodia theobromae
Bot-2017-LT6 62.8 1 34.6 b-j 20.1 b-h 20.3 b-h 16.6 b-g 4.9 b-d 7.8 b-f 8.1 b-f 21.9
Bot-2018-LT45 50.1 g-i 29.2 b-i 36.0 c-i 25.6 b-h 16.5b-g 21.4b-h 10.9 b-f 6.8 b-f 24.6
Neofusicoccum arbuti
Bot-2017-NAS 21.1 b-h 24.2 b-h 33.9 b-i 23.1 b-h 7.8 b-f 14.9 b-f 6.8 b-f 10.5 b-f 17.8
Bot-2018-NA32 8.0 b-f 23.0 b-h 9.0 b-g 14.1 b-f 8.6 b-f 12.7 b-f 4.3 b-d 6.8 b-f 10.8
Control” 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0a 0.0 a 0.0 a 0.0
Mean 33.6 23.1 17.8 16.3 11.6 9.1 6.7 5.8 | -
df P
Isolate (A) 12 0.00001
Cultivar (C) 7 0.00001
Interaction A x C 84 [0.0001 |




Ciclo muerte regresiva de brazos

4 Y

Cancro y corte transversal

Sintomas de muerte

regresiva del brazo Cuerpos reproductivos (picnidios) sobre madera
en plantas enfermas o como residuos de poda en
el suelo o frutos con pudricién negra en el arbol o
en el suelo (fuentes de in6culo)
i T
K r—;-::;}l ' j
Conidias germinan = 1 °
en células de la
madera

Descarga de

' conidias en otofo
g‘ / invierno  durante

precipitaciones 'y
dispersada por el

Herida de poda fresca viento o insectos
(brazos, ramillas)




Potenciales fuentes de inodculo



Fuente de inéculo:
Residuos de poda

poda |
24% de aislamientos positivos al §
hongo D. seriata, D. mutila vy §8
Lasiodiplodia.



Antecedentes nacionales
‘Botryosphaeriaceae en manzanas’

Pudricion negra de la manzana

(Black rot)

* Diplodia seriatay D. mutila

* Precosecha-Cultivares tardios-alta
prevalencia (5-15%)

Pudricidon blanda de la pulpa cv. Fuji , ,
Precosecha-cosecha:

Manzanas cv. Fuji

(Caceres et al., 2016. Plant Dis.100; Diaz et al., 2019. Eur. J. Plant Pathol.153).



Pudricion negra (black rot)
Sintomas

s

Sintomas severos: Bolsas de manzanas cv. Fuji



. .{_“{~ e A }‘

™ Fuente de inculo:

2 < | = -y 3 A .
; ,£{ , £ RNCY o It 015, PO | it 3

i Las malezas han sido negativas para Botryosphaeriaceae §
(malva, correhuela, siete venas, ballica entre otras)




Fuente de inoculo: Cancrosis y muerte
Otros hospederos regresiva en Kiwis

== V,RM, VI, VII

s L R sl Prevalenciade 5-75% ;
é Neofusicoccum parvum y Diplodia seriata. .
x species frecuentes (26%) y mas virulentas en kiwis. g
;“."" T e o ' . . o NI . = N W
e : ’m— a N

Diaz et al., 2021. Plant Disease



Muerte regresiva en nogales

Especies identificadas

* Diplodia mutila N=120 muestras
Region del Maule.

e Dothiorella sarmentorum Prevalencia de 3-65%

* Neofusicoccum nonquaesitum

Diaz et al., 2018. Plant Disease 102; Igbal et al., 2023. Plant Dis. 107



Fuente de inoculo:
Otros hospederos

" N= 100 muestras
RM, VI, y X Region.

" Prevalen
F ‘ s

o iR, T \ R e = o Vi P 2
W Neofusicoccum parvum, N. arbuti y N. australe
i N. parvum la especie mas virulenta en arandanos.
4/ /,o ’ : 1/ . —
S \Z

~¥ 0







= | Neofusicoceum cordaticala CBS 123634
.| Meofusicoccum cordaticala CBS 123635

Muerte regresiva en Avellano europeo
cv. Tonda Di Diffoni ==

o Hpaeme
[ WPzt
[p) [l L Noofusicoseum parvum CBS 110301
B oren b Mooluscoczumis CBS 12126
" Neafusicaccum ribis CBS 115475
Neofusicaccum grevileas CBS 129518
Neofusicocoum henghongense CERC 2068
Neotusicoccum honghongenss CERC 2073
r Neatusicoccu macroclavatu CBS 18223
Neotusicoccum macrociavatm CAM 15649
w0 | Neollssicaccum eucalyplicols CBS 115679
m Hmmmmmwmﬂ CBS 15766
0 Neofusicocoum eucalyptonum GBS 115791
Neoafusicoccum sucalyptorum CMW 10126
08 Neafusicoccum mangiferae CBS 118531
sioceum microconidm CERC 497
Ngofusicoccum microconidium CERG 3498
" Neofusicocoum meditemaneum CBS 121558
0 | Neofusicoocum australe CBS 130662
Neofusicoccum australe CMW 6853
" il " 3 N‘ Neofusicoccum cryptoaustrale CBS 122813
Samuel Ortega-Farias, William Campillay-Llanos, and Gonzalo A. Diaz =] ” Neotsiooccum crypioausiraie CMW 23785
N r [ Neofusicoceum kwambonambisnsa CBS 123641
T Weofusicoceu hurnizorae CAW 41463

. Vol. 108, No. 2 " Neatusioaceum Lntzarse CMW 41225

Affiliations 5 Noatsioaceum teum CBS 10298
February 2024 1 Noofusicoccum ltaum GBS 110497

Noalusicoccum luteum CBS 562,92
2| Noofuscaccum hedericun CERC 1947
L & ‘ ‘Noafisicagcum helanicum CERC 1948
" Noofusicoscum pistacias CBS_§95.76
—— Neofusicoccum mangierse CBS 118532
.. Neafusiooccum mesiteraneum CBS 121718

Prevalence, 10-36%, muerte regresiva | T
Neofusicoccum parvum o

DISEASE NOTE

Occurrence of Neofusicoccum parvum Causing
Canker and Branch Dieback of European Hazelnut

in Maule Region, Chile

Mauricio Lolas, Bernardo Latorre, Enrique Ferrada, Daina Grinbergs, Javier Chilian,

plant

Botryosphaeria iorica CBS 115041

Figure 3. Pathogenicity studies performed on pruning wounds of attached branches of three-years-

old (A and B) and one-year-old (C and D) in commercial orchard of hazelnut cv. Tonda Di Giffoni

(8 years-old) in San Rafael, Maule Region, Chile.



dTienen la capacidad |as

Botryosphaeriaceae de

infectar otros hospedero
frutal?



Lesiones en ramillas de manzanos, peras, nogalesy
brotes de vides en el campo (4 meses)

Mean lesion length (mm), (reisolation)"

Lignified twigs

Green shoots

Apple cvs.’ Pear cv." Walnut cv.” Grapevine cvs.”
Species/isolate Fuji Gala Beurré Bosc Chandler Cabernet Sauvignon Sauvignon Blanc
Diplodia mutila/Bot-2017-DM?2 22.1 b (18) 152b(20) 226 be (15)  26.6 b (20) 384 c 20 182 c (20) |
Diplodia seriata/Bot-2017-DS3 313c(18)  188b(I18)  27.3 ¢ (20) 234 b (17) 19.1 b (20) 272 b (20)
Lasiodiplodia theobromae/Bot-2017-LT6  21.6 b (20) 18.2 b (19) 15.3 ab (15) 19.6 b (16) 16.2 ab (20) 19.1 ab (20)
Neofusicoccum arbuti/Bot-2018-NA32 [72.1 d (20) 66.3 ¢ (20) 48.1 d (20) 47.1 ¢ (20)] 234 b (19) 26.6 b (20)
Control* 8.9 a (0) 6.3 a (0) 83 a (0) 5.1 (0) 6.8 a (0) 7.3 a (0)
df 4 - 4 4 - -
F 243.2 135.8 69.8 32.9 26.8 32.6
P value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Diaz et al., 2022. Plant Disease 106



Host

Apple

Walnut

Botryosphaeriaceae

Blueberry

A

NA32-Mz
NP17-Nog
DM4-Nog
NP9-Ara
NP10-Vid
NP7-Ara
DS3-Mz
DM2-Mz
DS1-Vid
LT6-Mz
Water

NP17-Nog
NA32-Mz
NP9-Ara
DM4-Nog
NP7-Ara
NP10-Vid
DS3-Mz
DS1-Vid
DM2-Mz
LT6-Mz
Water

C

NP9-Ara
NP17-nog
NP7-Ara
NA32-Mz
NP10-Vid
DS1-Vid
DM4-Nog
DM2-Mz
DS3-Mz
LT6-Mz

Water

Greenhouse

60 90 120 150

180

120 150

180

30

60 90 120 150

180

Necrotic lesion (mm, after 4 months)

Botryosphaeriaceae

D

NA32-Mz
NP17-Nog
DM4-Nog
DS3-Mz
NPS-Ara
NP10-Vid
NP7-Ara
DM2-Mz
DS1-Vid
LT6-Mz
Water

E

NP17-nog
NA32-Mz
NP7-Ara
NP9-Ara
NP10-Vid
DM4-Nog
DS3-Mz
DS1-Vid
DM2-Mz
LT6-Mz

Water

F

NP7-Ara
NA32-Mz
NP10-Vid
NP9-Ara
NP17-nog
DM4-Nog
DS3-Mz
DS1-Vid
DM2-Mz
LT6-Mz

6229

57.8fg
-51.2 efg

-41.1 ef
40.8 ef
37.6de
31.7cd
29.7¢
~27.2bc
124 ab
-89a

Water

0 30 60 90 120 150

Necrotic lesion (mm, after 8 months)



¢ Existe diferencia
varietal en
susceptibilidad a la
infeccion por
Botryosphaeriaceae?



£ 120

100

Necrotic lesion (mm)
oo
(=]

Lesiones en ramillas de manzanos (3 meses)

Inoculum = mycelium

m Cripps Pink = Gala m Granny Smith © Fuji

e-k

j-m

hel g i

il

e-k ¢
L b
‘ b-1

. d-i
di bi%iph il di
e | b
q be l Y | ks

'J“ ’\

’ -
bigd, bil" b

a
aaa
I

Control

| Inoculum = conidia

b-f
b-d b-d  bf

5 b-d
be bd . bd pe b 4 bd g b-d

be 2y bc bl g R/
5ol Sl el

Bot-  Bot- Bot- Bot- MZ-F1 Bot- Bot- Bot- Bot- Bot- Bot- Bot-
2017- 2018- 2017- 2018- 2017- 2018- 2018- 2018- 2018- 2017- 2018-
LT6 LT45 DM2 DMI184 DS3  DS22 DS52 DS85 DSI147 NA5S NA32
Lasiodiplodia  Diplodia Diplodia Neofusicoccum
theobromae mutila seriata arbuti

N. arbuti

Diaz et al., 2022. Plant Disease 106



Liberacion de conidias: Periodo critico

Estacion experimental Panguilemo, Regidon del Maule
Cuartel de cv. Fuji
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% Seasonal dispersal of spores in Botryosphaeriaceae spp.
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Susceptibilidad de la edad de heridas de poda
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Figure 2. Lesion length caused by L. theobromae (Lt-R; obtained from pruning
residues), D. seriata (Ds-F; obtained from apples with black rot), and isolates
obtained from wood (W) samples with apple dieback including to D. mutila,(Dm-W),
N. arbuti (Na-W), D. seriata (Ds- W) and L. theobromae (Lt-W) on pruning wound of
ages of 1 days (A), 15 days (B), 30 days (C), and 45 days (D) after 6 months of
incubation in the field at the Panguilemo experimental station (Universidad de Talca,
ITaIca, Chile).

Susceptibilidad de

la edad de heridas
de poda

Cultivares Fuji vs Gala

Neofusicoccum arbuti,
Diplodia seriata son mas
virulentos (lesiones
necroticas)

Los primeros 15 dias son
altamente susceptibles vs

30-45 dias en la edad de
las heridas de poda.

Valdez et al., 2024. Enviado.



Efecto de la fecha de poda
Temprana: junio
Tardia: agosto

Table 2. Effect pbf pruning time based an early (June) and late (August) pruning of lignified twigs gvs. Fuji and Gala on lesion
length (mm) caused by artificial inoculation using conidial suspension (40 yL of 10° conidia/mL) of Diplodia mutila (isolate
Dm-W), D. seriata (isolates Ds-F and Ds-W), Lasiodiplodia theobromae (Isolates Lt-R and Lt-W) and Neofusicoccum arbuti
(isolate Na-W) after six months at Panguilemo experimental station (Talca, Maule region, Central Chile).

Specie of Botryosphaeriaceae Mean of lesion length (mm)
/Isolate Pruning cv. Fuji ® Pruning cv. Gala *
Early Late Mean Early Late Mean
D. mutila/Dm-W 32.3 cd 21.8 def 271 23.3c 114e 17.3
D. seriata/Ds-F 33.4 be 22.8 de 28.1 18.3d 10.3 ef 14.3
D. seriata/Ds-W 32.6 bed 19.1 ef 25.8 23.8¢c 13.0 de 18,4
L. theobromae/Lt-R 17.7 f 25.8d 21.7 7.61g 10.5 ef 9,1
L. theobromae/Lt-W 18.5 ef 25.0d 21.8 6.5¢g 9.5 ¢ef 8.0
N. arbuti/Na-W 64.4 a 404 b 52.4 571 a 35.0b 46.1
Control® 3.99 3.5¢g 3.7 3.4 h 3.3 h 3.4
Mean 29.0 22.6 25.8 19.9 13.3 16,6
ANOVA df P SED°¢ df P SED¢
Pruning time (P) 1 0.0004 3.41 1 0.0021 0.94
Isolate (1) 6 <0.0001 2.71 6 <0.0001 1.54
Pxl 6 <0.0001 3.67 6 <0.0001 2.10

Fisher pairwise multiple comparison test (P =0.05).

b Negative control treatment inoculated using 40 pL of sterile distilled water on wounded twigs of apple trees.
°SED: Standard error of the difference was calculated by standard error of the mean x 2.

2 Mean lesion length followed by the same lower case letter in each column did not differ significantly according to LSD

Valdez et al., 2025. Plant Disease 109: 1121-1129.



Sensibilidad in vitro
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Table 2. In vitro sensitivity (ECsq) of Diplodia mutila (isolate Dm-W), D. seriata (isolate Ds-W), Lasiodiplodia theobromae (isolate Lt-W), and Neofiisicoccum

arbuti (isolate Na-W) to 12 chemical fungicides registered for use in fruit trees in Chile

Mean ECs values (pg/ml) for inhibition of mycelial growth of
Botryosphaeriaceae spp."

Active ingredient" Fungicide group” D. mutila D. seriata L. theobromae N. arbuti Mean*
Benomyl BMC 0.03 0.08 0.03 0.17 0.08 a
Boscalid SDHI 71.95 93.65 115.84 61.85 85.82¢
Captan Phthalimides 29.00 45.95 40.40 52.5 41.96 b
Difenoconazole DMI 0.04 0.012 0.37 0.06 0.12a
Fluazinam Dinitroanilines 0.04 0.14 0.12 0.08 0.09 a
Tebuconazole DMI 0.08 0.12 0.26 0.26 0.18a
Thiophanate-methy] BMC 0.35 0.73 0.53 1.23 0.71a
Fluxapyroxad + pyraclostrobin SDHI + Qol 0.55 0.77 1.58 0.26 0.79a
Thiophanate-methyl + tetraconazole BMC + DMI 0.24 1.21 2.33 0.46 1.06 a
Azoxystrobin + difenoconazole Qol + DMI 2.62 1.73 18.14 1.33 5.95ab
Boscalid + pyraclostrobin SDHI + Qol 0.74 0.73 10.12 0.24 2.96 ab
Azoxystrobin + propiconazole + Qol + DMI + SDHI 8.11 0.26 1.92 0.25 0.63 a
pydiflumetofen

Mean? - 8.81 12.11 15.97 9.89 11.70
ANOVA df P SED? - - -
Species (S) 3 0.7371 6.85 - - -
Fungicide (F) 11 <0.0001 11.87 - - -

S xF 33 23.74 - - -

>0.9999




Proteccidon de estacas

Table 3. Necrotic lesion severity (lesion length, mm) and reduction of severity (%) of protected pruning wounds with chemical fungicides against infection by

Botrygsphnpriﬂr‘pap enn nn l_vear.ald enttinoe of annle enltivar Fnii nnder oreanhance canditione after 120 dave

Table 4. Necrotic lesion severity (lesion length, mm) and reduction of severity (%) of pruning wound protected with chemical fungicides against infection by
Botryosphaeriaceae spp. on twigs (2 years old) of the apple cultivar Fuji in the field after 180 days

Botryosphaeriaceae spp. infection on protected pruning wounds"

. D. mutila D. seriata L. theobromae N. arbuti R
e Severity SR Severity SR Severity SR Severity SR )
Benomy’ Active ingredient Target disease (host)" (mm)* (%)Y (mm)* (%)Y (mm)* (%)Y (mm)* (%) 3
Captan  Benomyl European canker (apple) 10.6 a 76.1 13.0 ab 66.4 13.2a 67.6 12.8 ab 706 4
Fluazina Captan Canker and dieback (apple)  32.5 de 26.5 30.2 cd 22.0 27.2cd 33.0 334cd 235 1.8
Tebucon Fluazinam Scab (apple) 27 :1:cd 38.7 233 cd 39.9 20.4 ab 49.7 25.8 c¢d 409 3.6
Thiophar Tebuconazole Scab (apple) 14.4 ab 67.5 12.5 ab 67.6 215a 47.1 16.3 ab 627 |7
Boscalid Thiophanate-methyl Powdery mildew (apple) 14.0 ab 68.4 11.8 ab 69.5 11.9a 70.7 12.1 ab 724 ;3
Fluxapyt Boscalid + pyraclostrobin Gray mold (grapevine) 16.3 be 63.3 19.5 be 49.6 21.6 be 46.7 22.6 be 48.2 53
Thiophas Fluxapyroxad + pyraclostrobin Dieback (walnut) 20.5 be 53.7 16.78 abc  56.7 18.5 ab 54.5 19.5 ab 554 )1

Thiophanate-methyl + tetraconazole ~ Scab (apple) 11.6a T3:7 142a 63.2 11.7a 71.0 129 a 70.5 7

Control = o1 = 442e _ 387d ~ 406d 43.74d -
ANOVA Anova P SED” P SED? P SED* P sep» D’
<0.0001  3.18  <0.0001 495  <0.0001 282 <0.0001  4.64 136

v Target disease: Fungicide registered by manufacturers in Chile.



Proteccion de ramillas (dos anos)

Table 4. Necrotic lesion severity (lesion length, mm) and reduction of severity (%) of pruning wound protected with chemical fungicides against infection by
Botryosphaeriaceae spp. on twigs (2 years old) of the apple cultivar Fuji in the field after 180 days

Botryosphaeriaceae spp. infection on protected pruning wounds¥

D. mutila D. seriata L. theobromae N. arbuti

Severity SR Severity SR Severity SR Severity SR
Active ingredient Target disease (host)¥ (mm)* (%)Y (mm)* (%)Y (mm)* (%)Y (mm)* (% )Y
Benomyl European canker (apple) 10.6 a 76.1 13.0 ab 66.4 13.2a 67.6 12.8 ab 70.6
Captan Canker and dieback (apple) 32.5de 26.5 30.2 cd 22.0 272 cd 33.0 334 cd 235
Fluazinam Scab (apple) 27.1cd 38.7 233 cd 39.9 20.4 ab 49.7 258 cd 40.9
Tebuconazole Scab (apple) 14.4 ab 67.5 12.5 ab 67.6 215a 47.1 16.3 ab 62.7
Thiophanate-methyl Powdery mildew (apple) 14.0 ab 68.4 11.8 ab 69.5 11.9a 70.7 12.1 ab 72.4
Boscalid + pyraclostrobin Gray mold (grapevine) 16.3 bc 63.3 19.5 be 49.6 21.6bc 46.7 22.6 be 48.2
Fluxapyroxad + pyraclostrobin Dieback (walnut) 20.5bc 53.7 16.78 abc  56.7 18.5 ab 54.5 19.5 ab 554
Thiophanate-methyl + tetraconazole ~ Scab (apple) 11.6a 73.7 142 a 63.2 11.7a 71.0 129 a 70.5
Control - 442 ¢ - 38.7d - 40.6d 43.7d
ANOVA P SED* P SED? P SED? P SED?

<0.0001 3.18  <0.0001 495  <0.0001 2.82  <0.0001 4.64

v Target disease: Fungicide registered by manufacturers in Chile.



Ciclo muerte regresiva de brazos

4 Y

Cancro y corte transversal

Sintomas de muerte

regresiva del brazo Cuerpos reproductivos (picnidios) sobre madera
en plantas enfermas o como residuos de poda en
el suelo o frutos con pudricién negra en el arbol o
en el suelo (fuentes de in6culo)
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