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The silent killer: A review unfolding the mystery of fungal pathogens causing canker diseases in tree crops



ABSTRACT 
Canker diseases caused by fungal pathogens pose a formidable threat to global forest ecosystems and commercial tree crops, often resulting in extensive economic and ecological losses. Major fungal genera associated with canker development include: Phytophthora, Hypoxylon, Chrysoporthe, Cytospora, Fusarium, Seiridium, Botryosphaeria, Phomopsis, Ceratocystis, Cryptodiaporthe, Gremmeniella, Nectria, Sirococcus clavigignenti juglandacearum, Lasiodiplodia and Sphaeropsis. The interplay between host susceptibility, climate change and fungal virulence factors emerges as a central theme influencing canker outbreaks across diverse agroecological zones. Each pathogen is examined through the lens of its characteristic symptoms, from classic sunken, girdling cankers to unique features like gummosis, dieback, fruit blemishes and vascular discoloration. Early diagnosis of plant diseases is critical for timely and appropriate management, especially in high-density orchards where pathogens can spread rapidly. Accurate identification and characterization are crucial for increasing knowledge about these pathogens and developing effective management strategies. Despite extensive reports, information on pathogen diversity, host interactions, and disease progression remains fragmented. By mapping the fungal diversity involved in canker development, this review underscores the urgent need for proactive, cross-disciplinary approaches to safeguard forest and orchard health in the face of phytopathological threats.

Keywords: Fungal canker, Phytophthora, Hypoxylon, Lasiodiplodia, Nectria, Sphaeropsis, Ceratocystis

















INTRODUCTION

Trees are perennial, sustaining and generally resilient woody plants but meet various stresses throughout their life. The effects of these stresses are not immediately visible and may take years to become noticeable. For example, an arid year may reduce a tree's metabolism and vigor, but the consequences of water deficiency might not appear until much later. Similarly, flooding or prolonged waterlogged conditions reduce root access to oxygen. However, the tree may not experience significant damage in the short term. When such conditions persist, a tree's overall health is compromised, making it more vulnerable to infections that lead to the accumulation of various pathogenic organisms, which target weakened trees over time. Canker-causing pathogens constitute one such group.
Cankers are localized lesions or dead areas on the bark, twigs or cambium of woody plants, often surrounded by healthy tissue and can affect any part of a tree. Compared with normal healthy tissue, they often appear sunken and sometimes oozing sap or fluids. There are millions of pathogens present, causing canker diseases in tree crops. In addition to fungi, viruses bacteria also play major roles in causing canker diseases. 
Necrotrophic fungi are the primary agents responsible for most canker diseases observed in forest trees. A broad spectrum of plants can be affected, with infections largely targeting the twigs, stems and branches. Historical records indicate that species of the genus Botryosphaeria, many of which are associated with canker formation, were first described in 1863 as saprophytes colonizing dead woody tissues. Subsequent research revealed their pathogenic nature on several economically important tree species such as Acacia, Eucalyptus and Pinus, where they are now recognized as major agents of canker and dieback leading to significant tree mortality (Darge and Woldemariam, 2021). The occurrence of cankers is usually secondary, with drought and increased temperature serving as major predisposing conditions. Drought stress, in particular, can increase both the occurrence and severity of canker diseases. 
Typical signs of canker infection include lesion formation, wilting and progressive dieback of the canopy. Damage to the phloem and cambium by pathogenic fungi initiates the development of bark swellings with indented stem lesions. Although cankers are expected to disrupt the downward transport of photosynthates, the predominant symptoms, such as wilting and canopy dieback in aboveground plant parts, strongly indicate that water transport is hindered (Biggs et al., 1983). In several instances, lesions are confined to the area of infection and fail to encircle the branch during the early stages of infection completely. Extensive or long-lasting cankers often girdle branches, resulting in dieback beyond the lesion and occasionally affecting the entire tree (Marsberg et al., 2017). Slowly developing canker diseases, including eastern filbert blight, are known to interfere with sap transport, reducing plant hydraulic efficiency and promoting canopy decline through water restriction near the lesion (Lachenbruch and Zhao, 2019). Uncertainties persist regarding the mortality outcomes of rapidly advancing canker diseases, as observed in poplar, as well as their physiological effects during the onset of infection. In this review, we discuss the symptoms, hosts and prevalence of fungal pathogens causing canker diseases in tree crops in detail, as illustrated in Figure 1.
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FUNGAL CANKER PATHOGENS
1. Phytophthora 
	The oomycete genus Phytophthora (Py) is classified under the family Peronosporaceae, order Peronosporales, class Peronosporomycetes and kingdom Stramenipila (Dick, 2003; Beakes et al., 2014). Diseases induced by Py species are highly damaging and occur on a wide spectrum of hosts, including seedlings as well as developed fruit and forest trees (Agrios, 2024). Often, Py exists in soil as a community and causes a variety of disease complexes. Infected soil debris and plant material are generally considered the primary sources of contamination. Moreover, they are dispersed through wind, rain splash, surface runoff and implements (Lucas et al., 1991). Disease development and its severity depend on the amount of inoculum and high soil water content. Species such as P. cactorum, P. cambivora, P. cinnamomi, P. citrophthora, P. fragariae, P. palmivora and P. syringae are known to cause cankers in ornamentals, fruits and forest trees (Agrios, 2024). Sudden oak death in Europe, caused by P. ramorum (Agrios, 2024), and bleeding canker of European beech, caused by P. cactorum (Nelson et al., 2010), are prominent examples. Numerous other hosts affected by these pathogens are summarized in Table 1.
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	Sl. No.
	Host
	Pathogen
	Reference

	1
	Citrus 
	P. citrophthora, P. parasitica,
P. nicotianae
	Fawcett, 1923

	2
	Birch
	P. cactorum 
	Caroselli, 1953

	3
	Horse chestnut
	P. citricola 
P. cactorum 
	Brasihr and Strouts,1976

	4
	Red maple
	P. cactorum 
	Drillias et al., 1982

	5
	Prunus 
	P. syringae 
	Bostock and Doster, 1984

	6
	Walnut
	P. acerina, P. palmivora 
	Carloni et al., 2024

	7
	Avocado 
	P. citricola 
P. mengei 
	Zentmyer et al., 1974
Mondragón-Flores et al., 2025

	8
	Durian
	P. palmivora 
	Dong et al., 2025

	9
	Rubber
	P. palmivora, P. meadii
	Kothandaraman and Idicula, 2000



	Infected trees exhibit sunken cankers toward the base of the trunk. Later, from the trunk of the infected tree, a reddish-brown to black, viscous sap bleeds out, which later turns into a coffee-brown or dark, rusty, reddish-brown to black discoloration of the bark. Lesions spread quickly upward from the ground, covering several feet within weeks or months and potentially reaching the main branches. Infected trees frequently stay green for months before wilting and dying (Barnard and Mitchell, 1993). 
	Canker bleeding can be seen at a height of 3 m above the soil, whereas for advanced infections, it can reach up to 20 m. Leaf spots and cankers are spotted on twigs, with the foliage gradually changing from green to light yellow and eventually taking on a reddish-brown hue. Most affected plants die within two years, although some may survive despite the progressing infection (Agrios, 2024). 
	Kerala, the leading rubber-producing state in India, is highly susceptible to patch canker, which significantly impacts rubber plantations, further threatening the region’s agricultural productivity. Patch canker affects rubber plants of all ages, most commonly during the wet monsoon season. Caused by various Py species, including P. palmivora and P. meadii, the disease is characterized by a distinctive copious exudation of latex from the infected area, which can be reddish or purplish and may form black streaks as it dries. Other symptoms include the formation of a bulging pad of coagulated latex under the bark, bark cracking and a foul smell upon removal of the pad. The infected tissue itself turns from yellowish-gray to dirty red with a black border. The disease prevalence is notably high in areas with strong winds, in plantations affected by lightning, and in those infested with bark-feeding caterpillars. Infections may occur in roots, stems, or branches, and the disease has been widely reported across rubber-growing countries (Kothandaraman and Idicula, 2000).
2. Hypoxylon
	 Tree decline due to Hypoxylon (Hy) canker is attributed to several pathogenic species belonging to the genus Hy (family Xylariaceae, order Xylariales), with some now reclassified under related genera, particularly Biscogniauxia (Hyde et al., 2024). This disease affects a wide range of hardwoods, including red and sugar maples (Bier, 1939), quaking aspen (Anderson and Anderson, 1968) and various oaks, particularly red oaks (Olson, 2020). Other susceptible hosts include hickory, pecan, sycamore and golden rain trees, among others (Olson, 2020), as shown in Table 2.
[bookmark: _Ref210907188]Table 2. List of Hypoxylon canker pathogens and their hosts
	[bookmark: _Ref205842725]Sl. No.
	Host
	Pathogen
	Reference

	1
	Populus tremuloides
	H. mammatum
	Bier, 1939

	2
	A. rubrum
A. saccharum
	H. blakei
	Bier, 1939

	3
	Quercus spp
	Biscogniauxia atropunctata
	Olson, 2020

	4
	Lemon
	H. macrocarpum
	Hu and Wright, 2022



	Cases of the disease are documented in several parts of North America (NA), particularly in northeastern regions such as Minnesota, Wisconsin and Michigan, as well as in parts of Canada and Oklahoma (Anderson and Anderson, 1981). Environmental stressors, such as drought, heat, defoliation and insect infestations, significantly influence the disease prevalence, with outbreaks often occurring in stressed or wounded trees (Anderson and Martin, 1981).
	An infected tree shows slightly depressed, discolored bark around nodes or wounds. As the disease progresses, cankers elongate rapidly and may girdle the tree, leading to significant dieback or death. In the advanced stages, a crust-like mass of fungal tissue beneath the bark, initially white or brown, turns black as the fungus matures. The infection causes internal wood decay, weakening the tree and often leading to structural instability. Infected trees show distinct symptoms depending on the host species, such as crown dieback and complete browning in oaks or rapid mortality, as in aspens (Ostry, 2013). The stroma of H. atropunctatum develops from a felt-like, silvery gray mat that progressively darkens to black, serving as a crucial diagnostic feature of Hy canker. As the disease progresses, the canker may girdle stems or branches, blocking the transport of water and nutrients. This results in secondary symptoms, comprising browning and yellowing of the leaves, particularly on branches below the canker. Ultimately, the vigor of trees decreases, resulting in stunted growth, weakened structure and overall reduced health. Fungi often remain latent in healthy trees, becoming pathogenic only when the host is stressed (Olson, 2020).
[bookmark: _Hlk188455508]	Wind-blown or rain-splashed spores are the primary means of Hy spread, with insects and animals also contributing by transporting infected tissue. Insects such as Saperda calcarata and Agrilus spp. often, enter the fungus trees by wounding, while woodpeckers may spread spores mechanically (Anderson and Martin, 1981). These cankers commonly form near galls, wounds or branch junctions. Stress factors such as defoliation and thinning of crowns aggravate susceptibility, creating favorable conditions for fungal colonization. Once infected, the fungus invades sapwood and bark, forming reproductive structures that release spores to infect nearby trees. In severe cases, outbreaks can eliminate large stands of trees, particularly in drought-prone or poorly managed forest areas (Ostry, 2013).
3. Chrysoporthe 
	The genus Chrysoporthe (Ch) is a pathogen belonging to the order Diaporthales and class Ascomycota (Hyde et al., 2024). They were previously known as the genus Cryphonectria and include species notorious for causing canker diseases in trees, particularly in tropical and subtropical regions (Wingfield, 2003). Myrtaceae, particularly eucalyptus and Syzygium, are the principal hosts of these pathogens, although infections also occur in Melastomataceae genera such as Tibouchina and Miconia (Dahlgren and Thorne, 1984; Wingfield et al., 2001). Several species, such as C. cubensis in eucalyptus (Pegg et al., 2010), C. austroafricana (CA), C. cubensis and C. doradensis in Eucalyptus spp. (Pham et al., 2025), Tibouchina granulosa (Wingfield et al., 2001) and C. hodgesiana in T. urvilleana (Wingfield et al., 2001), are widely recognized for their significant impacts on forestry and ornamental trees.
	The prevalence of Ch species is closely linked to environmental conditions, as they thrive in warm, humid climates. Dispersal occurs primarily through airborne conidia, rain splashes and contaminated planting materials, and is often amplified by stress conditions such as drought​​. Under moist conditions, the pathogen releases conidia from pycnidia in the form of long orange tendrils, which are disseminated by birds, insects and rain splashes. Ascospores are actively discharged into the atmosphere and dispersed over long distances by wind. Infected tree parts serve as reservoirs, allowing the fungus to persist, advance and generate spores. In blighted trees, spores are typically produced beneath basal cankers, yet emerging saplings often succumb to new infections (Agrios, 2024).
	Cankers caused by Ch are typically characterized by necrotic bark, girdled lesions and dieback of stems and branches. They infect trees through wounds, particularly at the base of young trees, resulting in tree mortality, especially in young plantations. Morphologically, pathogens can be identified by their unique fruiting structures, such as pimple-like dark perithecia and pycnidia embedded in reddish-orange to yellow-green bark lesions and the presence of conidiomata exuding spore masses (Agrios, 2024). Infected stems release abundant kino, which dries on the bark over time. The disease emerges as large basal cankers in young trees aged 1-2 years, frequently causing stem girdling and wilting, which can lead to sudden death during hot, dry conditions. In mature trees, cankers may spread up to 1 meter along the trunk, accompanied by bark cracking and swelling (Florence et al., 1986). These traits distinguish them from other canker pathogens, such as Ceratocystis and Botryosphaeria​​. Furthermore, pathogenicity varies by species and host; for example, C. cubensis is more virulent to clonal Eucalyptus grandis, whereas CA primarily impacts Syzygium in South Africa​​ (Gryzenhout et al., 2003​​). This variability underscores the importance of accurate identification for both diagnosis and disease control.
4. Cytospora 
	Ehrenberg first characterized the genus Cytospora (Cy) of the order Diaporthales (Ascomycota) in 1818. It represents the asexual form of the fungus, with the sexual form referred to as Valsa. The asexual form is more common in nature and has been given taxonomic precedence (Rossman et al., 2015). Cy pathogens tend to be host-specific and often infect trees that are already weakened. Several factors contribute to tree weakness, including environmental conditions such as temperature, humidity, rainfall, sunlight and airflow. Additionally, tree-related factors such as age, species, slope orientation, soil conditions, nursery practices, planting density and stand management techniques can also increase susceptibility to Cy canker. These factors are interconnected and collectively contribute to the occurrence and severity of the disease (McIntyre et al., 1996).
	Host-specificity further underlines the diversity of Cy species. Members of these fungi are found on diverse hosts, particularly within tree families such as Elaeagnaceae, Juglandaceae, Rosaceae, Salicaceae and Ulmaceae, many of which are of ecological and commercial importance (Pan et al., 2020). Cy is among the most prevalent canker diseases affecting M. domestica. Several significant Cys have been identified in various woody hosts, as described in Table 3.
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	Sl. No
	Pathogen
	Hosts
	Reference

	1
	C. palmoides 
	Smoke tree 
	Zhang et al., 2014

	2
	C. atrocirrhata, C. chrysosperma, C. gigalocus and C. sacculus
	English walnut 
	Fan et al., 2015a

	3
	C. notastroma 
	Populus tremuloides 
	Kepley et al., 2015

	4
	C. carbonacea, C. pruinopsis and C. ribis 
	Elms 
	Yang et al., 2015

	5
	C. pyri 
	Pyrus sinkiangensis
	Zhang et al., 2025

	6
	C. piceae and C. piceicola  
	Spruce 
	Ilyukhin et al., 2025


	
Infection by C. mali occurs through bark and xylem wounds in apple trees, leading to extensive necrotic damage to branches and stems (Yin et al., 2015). C. mali is recognized as a distinct and exclusive species that causes Cy canker in cultivated apples and pears in China (Wang et al., 2011). C. parasitica is exclusive to apple trees, whereas C. nivea is associated with willow. Other hosts, such as Salix in China, harbor multiple Cy species, including novel discoveries such as C. alba and C. paracinnamomea​ (Lin et al., 2022). Li et al. (2024) conducted a comprehensive identification of Cy species linked to branch canker diseases on woody plants across Tibet, China. Their efforts led to the discovery of a previously unknown species, C. lhasaensis, spotted on Rosa omeiensis f. pteracantha. In addition, their findings expanded the known fungal diversity in Tibet, as they recorded C. euonymina, C. gigaspora, C. mali and C. schulzeri for the first time in the region, affecting hosts such as Euonymus japonicus, Larix gmelinii, Malus pumila and M. spectabilis. This diversity highlights the ecological adaptability of the genus and its ability to thrive across various climatic and geographic conditions. 
The dispersal of Cy propagules is facilitated by environmental factors such as water splashing, wind and insect activity. Infection typically begins at wounds or stressed sites, especially under drought conditions, where the pathogen invades the bark and xylem, causing discolouration and necrosis. Symptoms of Cy disease differ depending on the stage of disease progression, in addition to the host. The infection typically begins in the inner bark, leading to slight sinking and discoloration of the sapwood (Adams et al., 2005). Prominent fruiting bodies often form beneath or partially embedded in the bark, either as solitary structures or in clusters. In moist conditions, numerous pycnidia can be observed in the cankered bark along with characteristic orange-colored spore masses, which emerge from the conidiomata as colorful, coiled tendrils (Fan et al., 2020). Although conidiomata are frequently produced within bark cankers, they may also occur in apparently healthy tissues and can occasionally be recovered from the intact bark, xylem or leaves of different tree species (Christensen, 1940). Nevertheless, with the restoration of good cultural conditions and normal growth, the enlargement of cankers as well as affected areas has improved over time (Fisher and Reeves, 1931).
5. [bookmark: _Ref210911794]Fusarium	
Fusarium (Fu) species are widespread fungi commonly found in association with higher plants and are among the most prevalent in terrestrial ecosystems. It is often said that “If a plant is green, there is likely a Fusarium species capable of growing on, within, or alongside it” (Leslie and Summerell, 2006). These fungi belong to the phylum Ascomycota and class Sordariomycetes. Important species causing Fu canker include F. sulphureum, F. avenaceum (Halász, 2002) and F. circinatum (Mitchell et al., 2011). A comprehensive list of other host species affected by these pathogens is provided in Table 4.
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	Sl. No.
	Pathogen
	Host
	Reference

	1
	F. sulphureum
	Black locust 
	Halász, 2002

	2
	F. circinatum 
	Pinus patula
	Mitchell et al., 2011

	3
	F. solani
	Almond
	Markakis et al., 2021

	4
	F. avenaceum
F. culmorum
	Hazelnut 
	Moya-Elizondo et al., 2025



As reported by Halász (2002), F. avenaceum cankers primarily form around stipule thorns and at the base of lateral branches in the case of black locusts, which makes them highly susceptible to frost damage. The fungus likely infects trees through frost-induced lesions, although in some cases, infection was also observed through lenticels on young green shoots. Early signs include bark depression with reddish-brown discoloration, occasionally associated with the formation of orange sporodochia along necrotic margins and basal portions of lateral shoots. As the disease progresses, longitudinal cracks develop in the bark, exposing the underlying xylem. Although pinkish-red fungal mycelia are rarely visible on infected wood, cankers on older stems may appear as flattened areas with intact bark. The tree attempts to heal the lesions by forming callus tissue annually, but the fungus disrupts this process, leading to swelling around the canker. When infections spread to branches, girdled lesions can develop, often resulting in severe canopy dieback. Markakis et al. (2021) reported that stem canker caused by Fusarium solani in almond trees in Greece. This was considered the first reported disease of F. solani in almond trees. Infections caused by F. sulphureum typically manifest as whitish-yellow mycelial mats on the surface of the affected bark and xylem. As the disease progresses, the fungus colonizes and destroys the phloem and cambium at the base of the stem, resulting in complete girdling and dark brown discoloration of the infected tissues. Under moist chamber conditions, yellowish-white mycelia can be observed emerging from the tree’s xylem vessels, highlighting the active spread and colonization of the pathogen (Halász, 2002).	
Pitch canker is a serious disease of pines caused by F. circinatum (Britz et al., 2005). Tip wilting is among the first symptoms observed in infected pine seedlings, with underlying tissues beneath the shoot tip frequently developing a purple hue. In pine seedlings, the early stages of pitch canker infection are characterized by root tip death, which impedes water uptake and collar rot. As the disease progresses, seedlings turn brown and eventually die. In severe infections, fungal mycelia may also become visible on the stem surface, indicating extensive colonization by F. circinatum. In mature trees, pitch canker appears as branch dieback, infected cones and the formation of large resinous stem cankers along with resin-soaked wood (Bethune and Hepting, 1963; Dwinell and Phelps, 1977; Storer and Gordon, 1998; Storer et al., 1999). Interestingly, distinct symptoms are present in nurseries compared with plantations. In nursery environments, the disease typically progresses much faster, leading to rapid plant mortality. To differentiate these disease developments, the term F. circinatum infection is used for nursery seedlings, whereas "pitch canker" specifically refers to the disease in mature plantation trees (Wingfield et al., 1999).
Pathogens generally invade plant tissues through injuries caused by insects, environmental factors, or management activities. The presence of biotic or abiotic agents, as well as adequate moisture levels, during times when the temperature falls within a suitable range, results in the development of this disease (Gordon, 2006).
6. Seiridium (Cypress canker)	
The genus Seiridium (Se) (Sordariomycetes, Xylariales, Sporocadaceae) consists of diverse groups of fungi, primarily known for their plant-pathogenic nature (Barnes et al., 2001; Boesewinkel 1983; Tsopelas et al., 2007). The genus is characterized by acervular asexual morphs producing distinctive appendaged (pestalotioid) conidia, with S. marginatum being its type species (Ja Klitsch et al., 2016)​. Morphologically, Se species are distinguished by their 5-septate conidia, which has led to taxonomic debates regarding their synonymy with Pestalotia (Maharachchikumbura et al., 2014). Among the most notorious species causing Se canker are S. cardinale, S. cupressi and S. unicorne, which have inflicted severe economic and ecological damage, particularly in the Mediterranean region and parts of NA. Other species, including S. cancrinum, S. kenyanum, S. neocupressi and S. pseudocardinale, have also been identified as canker pathogens (Graniti, 1986)​​.
The host range of Se species varies, with S. cardinale and S. cupressi primarily infecting Cupressaceae, including Cupressus sempervirens, Hesperocyparis macrocarpa and hybrid Leyland cypress (Danti and Della Rocca, 2017). In contrast, S. unicorne has a broader host range, affecting families such as Anacardiaceae, Caprifoliaceae, Hamamelidaceae, Rosaceae and Vitaceae (Boesewinkel, 1983; Cho and Shin, 2004). A recent study conducted by Aylward and coworkers in 2025 mentioned the involvement of Se canker, which caused a devastating outbreak in South Africa. 	
The symptoms of Se canker typically begin with browning and reddening of the bark around infection sites, leading to the formation of lentiform or elongated cankers that exude resin​. S. cardinale is particularly aggressive, often girdling branches and stems, resulting in dieback and eventual tree death. Differences exist at the species level; for example, S. cardinale produces smaller, scattered conidiomata, whereas S. cupressi forms larger ones at the edges of active cankers​ (Aylward et al., 2025; Graniti, 1986)​​​.
Environmental and biological factors are responsible for the dissemination of Se canker. Infections typically occur through wounds caused by wind, frost or insect activity​. The pathogen primarily disperses via rain-splashed conidia, but insects, birds and human-mediated transport also contribute significantly to its global dissemination​. Additionally, seeds from infected trees may serve as a latent source of inoculum​. High humidity is a crucial factor for infection, along with optimal temperatures for conidia production and germination, which range between 5 °C and 32 °C, peaking at approximately 25-26 °C. The presence of multiple strains and their ability to persist in different climates underscore the need for strict quarantine measures to mitigate the further spread of Se canker pathogens (Graniti, 1986)​​.
7. Botryosphaeria	
Botryosphaeriaceae is a diverse fungal family classified under Ascomycota (phylum), Dothideomycetes (class) and Botryosphaeriales (order) (Schoch et al., 2006). Botryosphaeria (Bo) canker is a significant disease that has been reported in many major woody tree-producing regions worldwide. 	
Avocado (Möller et al., 2025), litchi, mango (Aiello et al., 2022), apple (Dong et al., 2021) and olive (Phillips et al., 2005) are major hosts infected by these pathogens. Pathogens primarily enter through mechanical injuries and wounds, colonizing subepidermal tissues in due course and then reaching vascular tissues, resulting in their blockage and the formation of an internal canker (Brown and Britton, 1986; Cloete et al., 2011). Fruiting structures develop under favorable conditions, releasing spores that are predominantly carried by rain splash or wind (Möller et al., 2025). 
	The prominent species in this genus that causes Bo canker is B. dothidea. The canker appears as circular, elliptical or irregularly shaped necrotic lesions, ranging in color from reddish-brown to dark brown. Alternating dark and light brown rings are observed in some lesions, which develop from lenticels, graft unions, wounds, or warty bark on apple branches. These lesions can expand rapidly, often encircling a branch within a few days before spreading horizontally, ultimately leading to branch death, particularly in young trees. Newly planted trees are especially vulnerable and frequently develop cankers on the stem within four weeks of planting, often from the graft union, which can result in a significant number of tree deaths (Dong et al., 2021). 
Twigs, branches and trunks often develop sunken lesions or cankers that exude reddish sap, which later solidifies into white-beige powder. Mannoheptulose, a seven-carbon sugar and its alcohol form perseitol, is present in this phloem sap. Sap secretion results from stress or pathogen attack, serving as part of a tree’s attempt to repair damaged tissue (Dann et al., 2013). Over time, the affected bark becomes brittle and easily separates from the cankered area, whereas the underlying bark and wood turn red or dark brown. In cross-sections of infected branches, wedge-shaped discoloration extending deep into the xylem is often observed. Infected branches and stems may be black, sunken and split into bark (Brazee et al., 2023). Severe fungal colonization restricts xylem and phloem function, disrupting water and nutrient transport. As a result, leaves turn brown but remain attached, eventually leading to branch dieback (Auger et al., 2013).
Young avocado trees and top-worked stumps are particularly prone to infection at the graft union, often resulting in canker formation or union failure. Discoloration of the wood to brown at the graft site serves as a recognizable sign of infection (Menge and Ploetz, 2003).
8. Phomopsis casuarinae
Phomopsis is a significant pathogen that infects Casuarina and has been extensively found in tropical and temperate regions of India. Stem canker caused by Phomopsis casuarinae (Po) has been identified in Kerala, resulting in extensive canker formation on the main stem and branches, primarily affecting the upper sections. Infected branches are prone to breaking at girdled areas, especially during strong winds (Mohanan and Sharma, 1993). Mohanan and Sharma (1989) reported that the mortality rate of 5-10% in plantations aged two to three years was due to this disease, which poses a serious threat to the establishment of young plantations, particularly in Kerala coastal regions. Additionally, Po has been reported to cause branch canker in Casuarina equisetifolia in Tamil Nadu (Mohanan and Sharma, 1989).

9. Ceratocystis	
The fungal genus Ceratocystis (Ce) belongs to the order Microascales (Spatafora and Blackwell, 1994) and the family Ceratocystidaceae (Réblová et al., 2011). Species within this genus are widely recognized for their role in causing rot diseases in crops, as well as vascular wilt and canker stains in woody plants (Van Wyk et al., 2009; Harrington, 2013). Many species of Ce are known to cause infection in a variety of woody crops, as mentioned in Table 5.
[bookmark: _Ref210912461]Table 5. List of Ceratocystis canker pathogens and their hosts
	Sl. No.
	Pathogen  
	Host 
	References 

	1
	C. fimbriata
	Aspen
	Hinds, 1972

	2
	C. populicola
	Aspen 
	Baker et al., 2003

	3
	C. platani
	Platanus spp.
	Engelbrecht et al., 2004

	4
	C. albifundus
	Acacia mearnsii
	Barnes et al., 2005

	5
	C. manginecans
	A. auriculiformis
	Tarigan et al., 2011

	6
	C. fimbriata
	Cupressus sempervirens 
Cinnamomum balansae
	Pratama et al., 2025
Van Quang et al., 2025



Unlike other cankers, they usually appear as diamond-shaped or oval lesions with flared margins. After infection, black or red lesions form on the bark, often accompanied by dark streaks in the vascular tissue or sapwood discoloration. Owing to the black pigmentation of the bark around the canker, the condition is also known as ‘black canker’. As the disease progresses, cankers form on the stem, and the bark above them becomes cracked or sunken, consequently exposing the underlying canker surface. Leaves subsequently turn yellow and wilt, ultimately leading to tree mortality due to impaired nutrient transport (Brawner et al., 2015; Roux et al., 2001; Tarigan et al., 2011). Additionally, foamy or fermenting exudates produced by yeasts or bacteria often appear around lesions or near entry points created by stem borers or fungal-feeding insects close to stem cankers. Nitidulid beetles are drawn to this exudate, facilitating the spread of the fungus (Brawner et al., 2015). 
However, in the case of C. platani, sudden dieback of part of the crown is a common noticeable symptom. Affected branches or entire trees either fail to sprout leaves in the spring or produce leaves that quickly wither, which will later undergo necrosis. Most infected trunks are roughened, thickened outer bark, making it necessary to remove the bark to detect necrotic inner tissue and bluish-black to reddish-brown sapwood discoloration. Additionally, infections in streamside trees primarily occurred through the roots, with no visible stem cankers. Cross-sectional views revealed lens-shaped staining in the outer sapwood rings, with discoloration narrowing as it approached the center of the stem. Wounds caused by mechanical injuries, fire or fallen trees, insects, animals or other human activities, such as tapping or pruning, are the major points of entry for this pathogen (Brawner et al., 2015).
10. Cryptodiaporthe populae (Dothichiza canker)	
In 1884, Saccardo initially documented Cryptodiaporthe populae (Dp) (formerly Dothichiza populea) as a saprophytic fungus found on the dead branches of Populus species in Troyes, France. Dp is considered the predominant pathogen in poplar species, viz., P. virginiana, P. nigra (black poplar), Canada poplar and P. bolleana (Delacroix, I903). As described by Fulbright et al. (2019), twig canker in Castanea species is caused by C. castanea. C. parasitica is the causal agent of chestnut blight and is often accompanied by necrotic lesions in chestnut (Rigling and Prospero, 2018). C. salicella (Fr.) Petr., reported by Makarova et al. (2021), is the causal organism of Diplodia willow canker.
In nursery rows, Dp initially causes the death of scattered limbs on young trees. As the disease progresses, many lower limbs are killed, prompting the trees to produce rapidly growing sprouts from their bases, below the affected areas. Despite their vigorous appearance, these shoots soon succumb to fungal infection. Mistaken for healthy growth, they are often harvested and used as cuttings, inadvertently spreading the disease (Hedgcock and Hunt, 1916).
In addition to symptoms, they habitually infect the trunk, limbs and twigs of both black and Canadian poplars, leading primarily to the formation of cankers. Initially, these cankers appear as slightly darkened, depressed areas on the bark, typically forming around the base of small limbs or twigs. Cambial death results in browning, and fungal pustules subsequently appear on the canker, producing a distinctly rough and textured bark surface (Hedgcock and Hunt, 1916).
In well-established trees, notable resistance to the fungus is often observed. Fungal growth is restricted under such circumstances, limiting the canker to a small, irregularly shaped patch. Rapid cambial growth in the callus leads to cracks along the canker’s edges. As the canker matures, the bark deteriorates and eventually peels away, leaving an exposed wound surrounded by seemingly healthy bark. Concurrently, the fungus moves along the limb or twigs at the base of the canker, creating pustules that occupy a significant portion of the bark (Hedgcock and Hunt, 1916). 
11. Gremmieniella abietina (Scleroderris canker)
Scleroderris canker, caused by Gremmeniella abietina (Ga), was regarded as a significant threat to pine plantations in the Lake States during the early 1930s. Reports indicate that it poses a potential risk to approximately 2.3 Mha of ponderosa pine and 3.1 Mha of lodgepole pine in the northern mountain region (Barrett, 1984). Red pine, jack pine, eastern white pine, black spruce, scotch pine and white spruce, along with other conifers, such as Abies spp., Picea spp., Larix spp. and Pseudotsuga menziesii, have been reported as hosts. The pathogen is distributed across most NA and European (EU) countries (European Food Safety Authority, 2025; Skilling, 1986).
Dorworth and Krywienczyk (1975) identified three distinct races- Ga- EU, NA and Asian-basis on serological tests. Subsequent research confirmed their divergence through ecological, etiological and molecular analyses. However, these races were found to be morphologically indistinguishable (Hamelin et al., 1993; Petrini et al., 1989; Petrini et al., 1990) and were classified under the Abietina variety of fungal species. Another variety, Ga var. balsamea, has been documented on balsam fir and native spruces (Petrini et al., 1989). The NA and EU races are found in NA, whereas the Asian race has been reported exclusively in Japan (Laflamme et al., 1998). Studies indicate that the NA race mainly infects trees beneath snow cover (Marosy et al., 1989), limiting its spread to heights no greater than 2 m above ground. Unlike the NA race, the EU race can extend beyond this environment, infecting the crowns of mature trees (Laflamme et al., 1998; Setliff et al., 1975). Reports indicate that the EU race can infect more host species than the NA race can (Skilling, 1986). Infection by GA begins in the spring during bud development but remains latent until the following winter, when the tree enters dormancy (Patton et al., 1984). 
The first symptoms typically appear at this stage and are characterized by the loss of older needles, resin exudation from buds and tissue necrosis due to pathogen progression (Philips and Burdekin, 1992; Reid and Peace, 1965). Later, some buds fail to sprout and become deformed, while needles dry out, leading to crown defoliation and characteristic terminal twig distortion. Additionally, lower branch dieback and needle base yellowing have been reported on infected branches (Philips and Burdekin, 1992). Cankers frequently develop on twigs and trunks, particularly in the NA race, where they predominantly affect the lower crown (Santamaría et al., 2003). During the first year of infection, symptoms and damage caused by Ga often resemble winter injuries from adverse weather, making early diagnosis challenging until fruiting bodies appear (Punithalingam and Holliday, 1973). While in northern Europe, the disease can be more easily differentiated from winter damage, its symptoms may still resemble those caused by other fungi, including Lophodermium seditiosum and Sphaeropsis sapinea (Lilja et al., 2010).
Asexual fruiting bodies, known as pycnidia, develop in late spring or early summer of the first year, although in some cases, they may not appear until two years after infection (Kaitera et al., 1997). These pycnidia, which may form individually or in clusters on trunks, branches or needle insertions, play a key role in fungal reproduction (Romeralo et al., 2023).
The main route of infection for Ga occurs through conidia formed in its asexual (anamorphic) phase. High humidity triggers pycnidia, resulting in the release of conidia, which are carried away by rain splashes over short distances (approximately 4-6 m), facilitating the infection of neighboring branches via buds and needles (Butin, 1995; Romeralo et al., 2023; Uotila, 1988).

12. Nectria galligena
Nectria (Ne) canker is one of the most common and destructive diseases of hardwood species, including maples, birches, beech, oaks, basswood, apples, ash, tulips and hickories (Bhandari et al., 2024; Brandt, 1964; Pijut, 2005; Welch, 1934). It is caused primarily by N. ditissima, which is considered the most significant pathogen responsible for canker formation. Another fewer common species, N. cinnabarina, also causes cankers but is of relatively lower economic importance. N. dematiosa was recently reported as the pathogen responsible for canker in sweet cherry trees in Chile (Grinbergs et al., 2025). 
These fungal infections affect the cortex and cambium regions and are typically confined to small trunk sections. The infection normally begins as small, sunken lesions on the trunk and branches and gradually expands as the fungus kills the cambium. Over time, the formation of concentric rings of dead callus tissue becomes a characteristic feature of this disease (Brandt, 1964; Welch, 1934).
A distinguishing feature of N. ditissima is its ability to cause long-lasting, perennial cankers that expand slowly over time, creating concentric layers of dead callus tissue. The bright red perithecia appearing on the cankers are another key characteristic, differentiating it from other canker-causing fungi. In contrast, N. cinnabarina causes more superficial cankers with rough-textured, pinkish-red fruiting bodies and does not produce the same long-lasting damage as N. ditissima does (Brandt, 1964).
The disease spreads primarily through wind and dispersed spores, with infection favored by cool, moist conditions. Mechanical injuries, pruning wounds and insect activity often provide entry points for the pathogen, whereas infected logs and pruned branches left on the ground serve as sources of new infections. Although Ne canker rarely kills trees outright, it significantly weakens them, leading to structural defects and secondary infestations by insects and wood-decaying fungi. Proper management practices, including the removal of infected trees during thinning operations and the avoidance of wounding under humid conditions, are essential for minimizing their impact (Brandt, 1964).
13. Sirococcus clavigignenti-juglandacearum
Sirococcus clavigignenti-juglandacearum (ScJ) is a significant pathogen affecting the tree crops of Juglans cinerea, commonly referred to as butternut, white walnut and oilnut, which are native to NA (Nair et al., 1979). In addition to being the main host, this pathogen also infects J. nigra, J. ailantifolia var. cordiformis, Carya, Quercus and Prunus (Ostry, 1997a; Ostry et al., 1997; Ostry, 1997b).	
Nair and colleagues (1979) reported on ScJ and validated its pathogenicity via Koch’s postulates. Conidia form beneath infected bark in sticky clusters. Conidia emerge in colorless cirri from globose to flattened pycnidia within the stroma among hyphal pegs and are primarily spread by rain splash and wind, either in small droplets or as aerosols (Nair et al., 1979; Tisserat and Kuntz, 1983). Infection is favored under high relative humidity, typically between 95% and 100%. Conidia are carried by runoff water from infected branches to the trunk, where they enter through wounds and other openings, forming multiple stem cankers (America, 2005).	
All above- and below-ground woody parts of J. cinerea, including twigs, branches, stems and buttress roots, can be used to develop cankers. Multiple stem cankers on a single tree may remain separate or unite, covering all sides of the trunk, particularly in the lower portion. Tisserat and Kuntz (1984) reported a distinct pattern in the disease's progression. Initially, young cankers manifest as narrow, sunken lesions that commonly develop at leaf scars, lenticels, lateral buds, stomata, bark wounds, natural cracks and, occasionally, on otherwise healthy tissue. These nascent cankers are usually found on the lower branches of the tree. Black, watery exudates emerge from the lesions in spring, and by summer, the sites dry, leaving sooty, dark patches often surrounded by a pale margin. Beneath the bark, the cambium in the infected area appeared as a dark brown to black elliptical zone. While small branches and young saplings succumb quickly, stem cankers on mature trees tend to persist over multiple years. These perennial cankers are located predominantly on the lower stem and exposed root surfaces. Older cankers, which are large, vertically oriented, and either open or partly covered by shredded bark, are encased by layers of callus tissue. As the disease progresses, trees gradually die when cankers encircle the trunk or destroy the crown.
Melanconis juglandis, with its anamorph Melanconium oblongum, is frequently associated with secondary infections and has occasionally been mistaken for ScJ. Unlike canker-causing pathogens, M. juglandis does not form cankers. Its fruiting bodies appear as small, dark, smooth bumps on the bark, releasing black, inky spore masses. The spores are typically asymmetrically ovoid, dark-colored and nonseptate (Nicholls et al., 1978).
Lasiodiplodia	
	Lasiodiplodia (La) is a highly adaptable and versatile Ascomycete fungus that is commonly found in tropical and subtropical climates. This pathogen is recognized for its ability to infect diverse plant hosts, leading to canker formation, dieback and rot of fruits and roots (Punithalingam, 1980). The first documentation of grapevine vascular cankers and dieback due to L. theobromae in Egypt dates back to 1972 (El-Goorani and El Meleigi, 1972). The major species of La and their distinct hosts are described in Table 6.
[bookmark: _Ref210913121]Table 6. List of Lasiodiplodia canker pathogens and their hosts
	Sl. No.
	Pathogen 
	Host 
	References 

	1
	L. pseudotheobromae
	Sacha inchi
	Wang and Song, 2021

	2
	L. regiae
	Peach, cherry, kiwifruit, jujube, walnut
	Wang et al., 2023

	3
	L. theobromae
	Tea, grape vines, cashew, apple, Sacha inchi
	Aguilera‐Cogley et al., 2022; Díaz et al., 2022; Pandey et al., 2024; Úrbez-Torres et al., 2008; Wang and Song, 2021

	4
	L. brasiliensis 
	Theobroma grandiflorum
	de Souza et al., 2025



Canker primarily occurs in drought-prone regions with poor soil aeration. The most common symptoms, including vascular tissue discoloration, dieback and heartwood rot, are observed (Borges et al., 2015). Once inside, they colonize subepidermal tissues and gradually reach the vascular system of wood, leading to vascular blockage, wedge-shaped necrosis and the formation of internal cankers (Brown and Britton, 1986; Cloete et al., 2011). 
Sphaeropsis
	The fungus Sphaeropsis sapinea is highly destructive and affects conifers worldwide (Peterson, 1981). Cankers caused by this fungus were first documented in red pine plantations in Minnesota and Wisconsin in 1976 (Nicholls et al., 1977). S. sapinea thrives on dead twigs, branches, needles and cones of at least 20 pine species and white fir (Peterson, 1981). Branch stubs and wounds resulting from pruning, hail, or insect feeding serve as common infection sites for the fungus. Trees subjected to poor site conditions and drought are more susceptible to infection (Bachi and Peterson, 1985; Chou, 1987; Chou and MacKenzie, 1988; Peterson, 1981).
Characteristic symptoms include cankers that exude abundant resin and display bark discoloration beneath the epidermis, which becomes resin-impregnated. Unlike other cankers, those caused by Sphaeropsis sp. typically develop longitudinal fissures in the affected bark. When cross-sectioned, a dry sector in the xylem is visible, often aligning with a crack that extends through the entire bark. The cankers spread vertically along the main stems without completely girdling them, whereas thinner branches are frequently girdled and die. Additionally, black pycnidia are common emerging through the periderm in some cankers (Xenopoulos and Tsopelas, 2000).






CONCLUSION 
	Fungal canker diseases significantly threaten tree crops, reduce yield, weaken forest ecosystems and cause economic losses in agriculture and forestry. The pathogens discussed, including Phytophthora, Hypoxylon, Fusarium, Seiridium, Chrysoporthe, Cryptodiaporthe and others, infect a broad range of hosts, leading to severe and often irreversible damage. Some are globally distributed, such as Botryosphaeria dothidea, one of the most important canker pathogens in woody plants. Whereas others are regionally destructive, including  Lasiodiplodia in almond, Cytospora in prune, Hypoxylon mammatum in aspen and Sirococcus clavigignenti-juglandacearum in butternut. Disease severity is influenced by environmental stressors, pathogen virulence and host susceptibility, necessitating a multifaceted approach to disease management.
While traditional control measures rely on cultural practices and chemical treatments, their limitations underscore the need for sustainable alternatives. Advancements in molecular diagnostics, resistant cultivars and biological control offer promising solutions. Additionally, emerging technologies such as CRISPR-based genetic resistance and AI-driven disease detection could revolutionize canker disease management. Future research should focus on pathogen evolution, host-pathogen interactions and climate change to develop effective, long-term control strategies. A proactive and integrated approach is essential to mitigate the impact of these devastating pathogens and ensure the resilience of tree crop systems.
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