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ABSTRACT 

The number of reports associated with wood dieback caused by fungi 
in the Botryosphaeriaceae in numerous perennial crops worldwide has 
significantly increased in the past years. In this study, we investigated the 
interactions between the canker pathogen Neofusicoccum parvum and the 
almond tree host (Pnmus dulcis), with an emphasis on varietal resistance 
and host response at the cell wall biochemical and histological levels. 
Plant bioassays in a shaded house showed that among the four commonly 
planted commercial almond cultivars ( 'Butte', 'Carmel', 'Monterey', and 
'Nonpareil'), there was no significant varietal difference with respect to 
resistance to the pathogen. Gummosis was triggered only by fungal 
infection, not by wounding. A two-dimensional nuclear magnetic reso­
nance and liquid chromatography determination of cell wall polymers 
showed that infected almond trees differed significantly in their glycosyl 

The fungal family Botryosphaeriaceae includes important gener­
alist plant pathogens that have adapted to broad geographic range 
with diverse climatic conditions and a large spectrum of plant hosts 
(Batista et al. 2021; Slippers and Wingfield 2007). Infections by 
Botryosphaeriaceae pathogens typically result in the formation of 
wood cankers (also known as Bot cankers) that lead to dieback of 
the trunk, limb, and twig and eventually death of host. Over the last 
decade, the California tree crop industry has seen an increase of 
Bot canker outbreaks, notably on the almond tree Prunus dulcis
L. (Holland et al. 2021; Moral et al. 2019b). It has been attributed
to a combination of factors that include the intensification of agri­
cultural practices and climate changes that are leading to favorable
conditions for inoculum buildup and disease expression (Moral et al.
2019b). Comparable disease outbreaks attributed to the Botryos­
phaeriaceae have been reported globally on many hosts, such as
grapevine, kiwi, citrus, and various nut crops, and have raised con­
cerns about their potential impact on perennial cropping systems in
the context of a changing climate (Adesemoye et al. 2014; Agusti-
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and lignin composition compared with healthy, noninfected trees. 
Response to fungal infection involved a significant increase in lignin, a 
decrease in glucans, and an overall enrichment in other carbohydrates 
with a profile similar to those observed in gums. Histological observations 
revealed the presence of guaiacyl-rich cell wall reinforcements. Confocal 
microscopy suggested that N. parvum colonized mainly the lumina of 
xylem vessels and parenchyma cells, and to a lesser extent the gum ducts. 
We discuss the relevance of these findings in the context of the compart­
mentalization of decay in trees model in almond and its potential involve­
ment in the vulnerability of the host toward fungal wood canker diseases. 

Keywords: biochemistry and cell biology, disease resistance, endophytic 
interactions, fungal pathogens, host-parasite interactions 

Brisach et al. 2020; Gramaje et al. 2016; Lopez-Moral et al. 2020; 
Moral et al. 2019b; Olmo et al. 2016; Urbez-Torres 2011; Zlatkovic 
et al. 2016). 

Signs of infection by Botryosphaeriaceae fungi in almond trees 
often appear at the base of the tree trunk as a band of dead bark from 
which gum exudes, resulting in the common name "band canker" 
(Moral et al. 2019b). Necrotic lesions extending into the xylem tissue 
underneath the band of dead bark are also commonly observed. Band 
canker may be the result of growth cracks associated with vigorous 
trees and wounding caused by mechanical shakers, which become 
the point of entry for pathogens into woody tissue (Holland et al. 
2021; Moral et al. 2019a). Infection can also occur through pruning 
wounds of lateral branches, leading to canopy canker. Infection of 
the trunk and scaffold branches causes chlorosis of leaves, wilting, 
and the gradual decline of the tree. The first description of the disease 
was established in the rnid-l 950s in California, and Botryosphaeria
dothidea was identified as the causal agent two decades later (English 
et al. 1975). Since then, surveys and phylogenetic studies conducted 
in California and Spain have identified �11 species of Botryosphaer­
iaceae associated with cankers on almond trees (Holland et al. 2021; 
lnderbitzin et al. 2010; Olmo et al. 2016), and species of the genus 
Neofusicoccum were established as the most virulent pathogens 
(Holland et al. 2021; Inderbitzin et al. 2010). All commercial almond 
cultivars are susceptible to Bot canker disease, but previous studies 
indicated that contrasting levels of resistance could be found among 
almond cultivars and Prunus hybrids (English et al. 1975; Mancero­
Castillo et al. 2018). For example, a recent study showed that the resis­
tance to peach fungal gummosis caused by B. dothidae is under the 
control of inheritable genetic components in Prunus hybrids 
(Mancero-Castillo et al. 2018). Although almond cultivars probably dif­
fered in their ability to resist B. dothidae infection (English et al. 1975), 
information is lacking about the behavior of almond cultivars toward 
more aggressive Botryosphaeriaceae such as Neofusicoccum parvum.

Xylem is a complex and heterogeneous tissue in which the spa­
tiotemporal structure of defenses plays a pivotal role in the ability 
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Fig. 6. In situ visualization of fungal structures in wounded and N. parvwn-inoculated Pntnus dulcis L. 'Nonpareil' trees. Fungal cell wall is labeled with a 
wheat germ agglutinin (WGA}--Alexa Fluor conjugate probe, and rnicrographs were obtained with a confocal fluorescence microscope. Specific probe signal 
(green) and autofluorescence plant signal (red) are overlaid. A, Micrograph of mock-inoculated trunk at the margin of the inoculation wound (i.e., the area dis­
played is similar to the one displayed in Fig. 4A). No signal associated with the WGA-Alexa Fluor conjugate (green) is observed. B, Micrograph of N. par­

vum-inoculated plant at the margin of the wound (i.e., the area displayed is similar to the one displayed in Fig. 4B). Fungus (green) can be seen at the surface 
of the wound but also within xylem tissue more distal from the inoculation wound (open-head arrows). C, A cross-section of a necrotic lesion in N. parvum­

inoculated plant showing fungal structures located mostly in xylem vessels (open-head arrows). D, Close-up view of necrotic lesion in the trunk of a N. par­

vum-inoculated plant showing fungal structures in xylem vessels (white open-head arrows), axial parenchyma cells (white solid-head arrows), and ray paren­
chyma cells (yellow solid-head arrow). E, Longitudinal section of necrotic lesion of N. parvum-inoculated plant showing the presence of a dense network of 
fungal hyphae in xylem vessels (white open-head arrow), axial parenchyma cells (white solid-head arrows), and gum duct (yellow solid-head arrows). Note 
the heavy colonization achieved in the vessel (left) compared with the one observed in the gum duct (right). Also note that the fungal structures are present 
from either side of the gum duct. Scale bar = 200 µm. 
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