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Abstract
Phytophthora species are highly destructive plant pathogens and pose a significant threat to plants in various ecosystems, 
including agriculture, forest plantations, and natural environments. In sub-Saharan Africa, a total of 77 Phytophthora spe-
cies have been identified and this review aims to provide an overview of the species diversity and progress of Phytophthora 
research in this region. Numerous important studies have been carried out in this region, contributing significantly to our 
understanding of Phytophthora in various research fields. However, compared to global data, the advancement of Phytoph-
thora research in sub-Saharan Africa has been relatively slow. This is evident from the fact that some countries in the region 
have yet to report the presence of Phytophthora species. Thus, this review also highlights critical research gaps, particularly 
concerning the potential impacts of climate change, and suggests specific studies to address these gaps. The identified research 
studies are of utmost urgency as they not only aim to safeguard the iconic floral biodiversity of the region but also play a 
crucial role in enhancing the economy and ensuring food security.

Keywords Aquatic Phytophthora · Black pod disease of cacao · Cape Floristic Region · Foot and root rot of citrus and 
avocado · Late blight of potatoes · Taro leaf blight

Introduction

Phytophthora species are among the most damaging plant 
pathogens known (Ribeiro 2013). The discovery of Phy-
tophthora infestans, the first described species of the genus, 
dates to the mid-nineteenth century Irish potato famine 
(De Bary 1876). In the 1840s, the pathogen was introduced 
into Europe from Mexico via the USA (Goss et al. 2014). 
Subsequently, P. infestans infected and killed most potato 
crops in Europe, causing the hunger-driven migration of 
millions of people from the European continent to Amer-
ica, and colonies in Africa and Asia (Ristaino 2002). Ironi-
cally, these migrants unknowingly introduced P. infestans, 
the underlying reason for their displacement, to their new 
settlements throughout the world via infected propagation 
material (Yoshida et al. 2013). For example, P. infestans 
was first reported in the South African Cape Peninsula, a 
vibrant settlement on the Europe-India trade route, in 1890 
(Blersch 1890). Later, in 1913 and 1922, it was also reported 
in various locations in the interior of South Africa (Wager 
1941). It is thought that many other Phytophthora species 
were introduced into sub-Saharan Africa together with their 
crop hosts in a similar manner (Santini et al. 2018).
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Numerous Phytophthora species have been reported 
from sub-Saharan Africa. In this region, Phytophthora can 
be found in almost all climatic zones and ecosystems. The 
severity of Phytophthora diseases varies widely among dif-
ferent environmental gradients and in the growing regions of 
different crop hosts. Several Phytophthora species have been 
documented to cause diseases in plantation trees, including 
pines, Eucalyptus, and Acacia (Linde et al. 1994a, b; Roux 
et al. 2005; Maseko et al. 2007). In addition, Phytophthora 
causes important diseases on fruit trees such as avocado, 
cocoa, and citrus as well as on several different vegetable 
crops, including potato and taro (Nagel et al. 2013a; Akrofi 
2015; Njoroge et al. 2019; Saville and Ristaino 2021). There 
have also been reports of Phytophthora diseases in natu-
ral ecosystems, such as in the Cape Floristic Region in the 
Western Cape Province of South Africa (Van Wyk 1973b; 
Von Broembsen 1984a; Bezuidenhout et al. 2010).

In the twentieth century, improvements in isolation tech-
niques (Jung et al. 1996; Drenth and Sendall 2001) and the 
development of selective media (Tsao and Guy 1977; Tsao 
and Ocana 1969; Hüberli et al. 2000) have substantially 
increased the discovery rate of new and described Phytoph-
thora species from various ecosystems. With the advance-
ment of molecular technologies such as high-throughput 
sequencing in the twenty-first century, the discovery rate of 
Phytophthora species has increased exponentially around the 
world (Bose et al. 2018, 2021b; Català et al. 2015, 2017). 
However, except for South Africa, where new species of 
Phytophthora are being reported at regular intervals (Nagel 
2013; Nagel et al. 2015; Oh et al. 2013; Bose et al. 2018, 
2021a, b), there are very few reports from sub-Saharan 
Africa (Nagel et al. 2013a; Scott et al. 2013; Marcot et al. 
2023).

Forestry and agriculture form the backbone of the econ-
omy and food security of most countries in sub-Saharan 
Africa (Whiteman and Lebedys 2006; OECD 2016). Based 
on global data, Phytophthora species (and various other 
Oomycota) continue to be major impediments to these indus-
tries (Abad et al. 2022). For example, in South Africa, there 
has been an exponential increase in the root rot disease of 
cold-tolerant Eucalyptus species caused by Phytophthora 
alticola (Bose et al. 2023). Similarly, new lineages of P. 
infestans have been detected in sub-Saharan Africa (Pule 
et al. 2013; Njoroge et al. 2016). Apart from South Africa, 
however, novel research revealing the previously unknown 
diversity of Phytophthora species from the region is scarce 
(Oh et al. 2013; Nagel et al. 2013b, 2015; Bose et al. 2018, 
2021a, b; Hulbert et al. 2019; Bose and Hammerbacher 
2023). However, this knowledge is crucial to limiting the 
impact of these pathogens, whether introduced or native, 
in the region.

In this review, we summarise the reported diversity of 
Phytophthora species and key advancements in this field 

of research in sub-Saharan Africa. We discuss the known 
species diversity of Phytophthora in various environmental 
settings, such as plantation forests, natural ecosystems, and 
agriculture (Table 1; Fig. 1). In addition, we propose strate-
gies for bridging present knowledge gaps about Phytoph-
thora in sub-Saharan Africa.

Acquisition of Phytophthora distribution 
data for sub‑Saharan Africa

 The primary dataset for Phytophthora species recorded 
from sub-Saharan Africa was sourced from the USDA 
Fungus-Host Database (Farr and Rossman 2021). To 
enhance and refine this dataset, additional published lists 
and literature were consulted. Furthermore, records of 
Phytophthora strains from sub-Saharan African countries 
were incorporated from the CBS collection at the West-
erdijk Fungal Biodiversity Institute (https:// wi. knaw. nl/), 
the Herb IMI database maintained by Kew Royal Botani-
cal Gardens (http:// www. herbi mi. info/ herbi mi/ home. htm), 
and the World Phytophthora Collection (WPC) housed at 
the University of California, Riverside (https:// micro plant 
path. ucr. edu/ world- phyto phtho ra- colle ction- unive rsity- calif 
ornia- river side). Whenever possible, the current names of 
species that had undergone taxonomic revision were used. 
No differentiation was made between records supported by 
molecular data and those based solely on morphological 
data. The resulting dataset is available through Mendeley 
Data (https:// doi. org/ 10. 17632/ 8khww sn3xx.1) and as Sup-
porting data with this article.

Vegetable crops

Several Phytophthora species, including P. capsici, P. 
drechsleri, P. medicaginis, and P. nicotianae, have been 
reported to cause disease in vegetable crops in sub-Saharan 
Africa (Table 1). Nevertheless, the two most important Phy-
tophthora species on vegetable crops in this region are P. 
infestans and P. colocasiae, which cause late blight of pota-
toes and leaf blight of taro, respectively.

Late blight of potatoes

In Africa, potato is the fourth most important crop after 
wheat, maize, and rice because it is an important source of 
carbohydrates (Ezekiel et al. 2013; Dreyer 2017). Between 
2002 and 2021, potato production in Africa experienced 
significant growth, with reports indicating that it expanded 
across approximately two million hectares of cultivated land 
in 42 countries (FAOSTAT 2022). On this continent, potatoes 
are grown by smallholder and commercial growers for both 

https://wi.knaw.nl/
http://www.herbimi.info/herbimi/home.htm
https://microplantpath.ucr.edu/world-phytophthora-collection-university-california-riverside
https://microplantpath.ucr.edu/world-phytophthora-collection-university-california-riverside
https://microplantpath.ucr.edu/world-phytophthora-collection-university-california-riverside
https://doi.org/10.17632/8khwwsn3xx.1
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Table 1  Phytophthora taxa identified from various ecosystems of 
sub-Saharan Africa. This list includes well-described species, infor-
mal species, hybrids, and phylotypes (suffixed with asterisks). The 
table only includes taxa that were at least provisionally identified up 

to the species level. For taxa without a publication record, accession 
numbers from databases were included. For more information, please 
refer to the dataset available through Mendeley Data (https:// doi. org/ 
10. 17632/ 8khww sn3xx.1)

Phytophthora taxa Ecosystems References

Vegetable 
crops

Fruit 
crops

Plantation 
forestry

Natural woodland 
and velds

Botanical 
gardens

Plant 
nurseries

Aquatic 
ecosystems

P. aff. meadii* × × Bose et al. (2018)
P. afrocarpa × Bose et al. (2021a)
P. alticola × × Maseko et al. (2007); Bose et al. 

(2017); Bose et al. (2018)
P. amnicola × × × Hulbert et al. (2019); Bose et al. 

(2021b)
P. amnicola ×  

P. chlamydospora
× × Nagel et al. (2013b); Hulbert et al. 

(2019)
P. arecae × Maseko et al. (2007)
P. asparagi × × × Bose et al. (2018); Hulbert et al. 

(2019)
P. boehmeriae × Linde et al. (1994b); Roux and 

Wingfield (1997); Maseko et al. 
(2007)

P. cactorum × × Mes (1934); Wijers (1937); Van der 
Merwe et al. (1972); Bumbieris 
(1974); Gorter (1977); Marais 
(1979); Oudemans and Cof-
fey (1991); Erwin and Ribeiro 
(1996); Crous et al. (2000)

P. cambivora × Bose et al. (2018)
P. capensis × × × × Bezuidenhout et al. (2010); Bose 

et al. (2018); Hulbert et al. 
(2019)

P. capsici × Thompson et al. (1994); Meitz 
et al. (2010)

P. castaneae × Cooke et al. (2000)
P. chlamydospora × × × Oh et al. (2013); Nagel et al. 

(2015); Hulbert et al. (2019)
P. cinnamomi × × × × × × × Wager (1941); Van der Merwe 

et al. (1972); Van der Merwe and 
Van Wyk (1973); Von Broemb-
sen (1984a); Von Broembsen 
and Kruger (1985); Lübbe and 
Geldenhuys (1990); Linde et al. 
(1994b); Crous et al. (2000); 
Maseko et al. (2007); Oh et al. 
(2011); Crous et al. (2004); 
Bahramisharif et al. (2014); 
Bezuidenhout et al. (2010); 
Mbaka et al. (2010); Nagel et al. 
(2013a); Nesamari et al. (2017); 
Bose et al. (2018)

P. citricola × × × Wager (1941); Erwin and Ribeiro 
(1996); Bose et al. (2018)

P. citrophthora × Doidge (1925); Wager (1931); 
Hector and Loest (1937); Gorter 
(1977); Meitz-Hopkins et al. 
(2014)

P. cocois × Weir et al. (2015)

https://doi.org/10.17632/8khwwsn3xx.1
https://doi.org/10.17632/8khwwsn3xx.1
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Table 1  (continued)

Phytophthora taxa Ecosystems References

Vegetable 
crops

Fruit 
crops

Plantation 
forestry

Natural woodland 
and velds

Botanical 
gardens

Plant 
nurseries

Aquatic 
ecosystems

P. colocasiae × Maseko et al. (2007); Bandyopad-
hyay et al. (2011)

P. constricta* × Bose et al. (2021b)
P. crassamura* × Bose et al. (2021b)
P. cryptogea × × × × Wager (1941); Doidge (1950); 

Bumbieris (1974); Marais 
(1979); Mills et al. (1991); 
McLeod and Coertze (2007); 
Bezuidenhout et al. (2010); Bose 
et al. (2018)

P. drechsleri × × × × Thompson (1987); Thompson and 
Phillips (1988); Bezuidenhout 
et al. (2010); Bose et al. (2018)

P. elongata* × × Bose et al. (2018)
P. emzansi × × Bezuidenhout et al. (2010); Bose 

et al. (2021a)
P. fragariae × IMI 353558
P. frigida × × × Maseko et al. (2007); Bose et al. 

(2018)
P. gondwanense × Bose et al. (2018)
P. gregata complex* × × Bose et al. (2018)
P. heveae × Nagel et al. (2013a)
P. hibernalis × Erwin and Ribeiro (1996)
P. humicola* × Bose et al. (2018)
P. hydropathica ×  

P. sp. Maryland
× Hulbert et al. (2019)

P. infestans × × Nobbs (1903); Doidge and Bot-
tomley (1931); McLeod and 
Coertze (2006)

P. inundata* × Bose et al. (2018)
P. kwongonina* × × Bose et al. (2021b)
P. lacustris × × Nagel et al. (2015)
P. litchi* × Bose et al. (2018)
P. meadii × Roux and Wingfield (1997)
P. medicaginis × Thompson (1987)
P. megakarya × Guest (2007)
P. megasperma × Förster and Coffey (1993)
P. multivesiculata × Bose and Hammerbacher (2023)
P. multivora × × × Jung and Burgess (2009); 

Bezuidenhout et al. (2010); 
Meitz-Hopkins et al. (2014); Bose 
et al. (2018); Hulbert et al. (2019)

P. nicotianae × × × × Doidge (1924); Wager 
(1931, 1935, 1941); Zeijlemaker 
(1971); Gorter (1977); Marais 
(1979); Thompson (1981); Thomp-
son and Naudé (1992); Botha 
(1993); Linde et al. (1994a); Crous 
et al. (2000); Maseko et al. (2001); 
Bezuidenhout et al. (2010); Nagel 
et al. (2013a); Meitz-Hopkins et al. 
(2014); Bose et al. (2018)
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domestic consumption and export (Gildemacher et al. 2009; 
Haverkort et al. 2013). By far, the most damaging potato 
disease is late blight caused by Phytophthora infestans, which 
has been reported in all potato-growing regions of the world 
(Fry et al. 2015; Saville and Ristaino 2021).

Phytophthora infestans was introduced into Europe via 
the USA before 1840. From there, it migrated to the Afri-
can continent together with European settlers (Yoshida et al. 

2013). In consequence, this disease was first reported in 
Africa as early as 1890, from South Africa (Blersch 1890). 
The pathogen, however, was identified considerably later 
by Ethel Doidge (Wager 1941). In addition to potatoes, P. 
infestans affects various other hosts, including tomatoes and 
brinjal in Africa and around the world (McLeod and Coertze 
2006; Pule et al. 2013; Seidl Johnson and Gevens 2014; Fry 
et al. 2015).

Table 1  (continued)
Phytophthora taxa Ecosystems References

Vegetable 
crops

Fruit 
crops

Plantation 
forestry

Natural woodland 
and velds

Botanical 
gardens

Plant 
nurseries

Aquatic 
ecosystems

P. niederhauserii × × × Abad et al. (2014); Bose et al. 
(2018)

P. palmivora × × Bose et al. (2018); Erwin and 
Ribeiro (1996)

P. parvispora × × × Bezuidenhout et al. (2010); Bose 
et al. (2018)

P. phaseoli × Erwin and Ribeiro (1996)
P. plurivora × × × Nagel et al. (2015); Bose et al. 

(2018)
P. porri × Von Maltitz and Von Broembsen 

(1983)
P. pseudocryptagea* × × Bose et al. (2018)
P. pseudocryptogea 

× P. cryptogea
× Hulbert et al. (2019)

P. rosacearum* × Bose et al. (2021b)
P. rubi* × Bose et al. (2021b)
P. sp. × WS × Oh et al. (2013)
P. sp. AUS2A* × Bose et al. (2018)
P. sp. canthium × Oh et al. (2013)
P. sp. Kelmania* × Bose et al. (2018)
P. sp. Kununurra × Oh et al. (2013)
P. sp. nov. 3A* × Bose et al. (2021b)
P. sp. nov. 9A* × Bose et al. (2018)
P. sp. RSA10A* × Bose et al. (2018)
P. sp. RSA1A* × × Bose et al. (2018)
P. sp. RSA2A* × Bose et al. (2018)
P. sp. RSA3A* × × Bose et al. (2018)
P. sp. RSA5A* × × Bose et al. (2018)
P. sp. RSA7A* × × Bose et al. (2018)
P. sp. stellaris × × Oh et al. (2013)
P. sp. Umtamvuna × Oh et al. (2013)
P. sp. xHennops × × × Oh et al. (2013); Bose et al. (2018)
P. syringae × Wager (1941)
P. taxon raspberry* × Bose et al. (2018)
P. taxon Sisulu-river × × Meitz-Hopkins et al. (2014); 

Nagel et al. (2015)
P. thermophila* × × Bose et al. (2021b)
P. thermophila ×  

P. amnicola
× Nagel et al. (2013b)

P. tropicalis × Hulbert et al. (2019)
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The genetic diversity of P. infestans in sub-Saharan 
Africa is low (Ghislain et al. 2019). This is because seed 
potatoes from locations with significantly higher pathogen 
diversity, such as Europe or North America, are not freely 
interchanged (Ghislain et al. 2019). The vast majority of P. 
infestans isolates from this area were categorised as US-1 
(old lineage), with some belonging to the novel lineage 2_
A1, formerly known as KE-1 (Pule et al. 2013). This new 
2_A1 lineage has substantially displaced the US-1 in many 
regions of sub-Saharan Africa to a point where both lineages 
are rarely reported from the same area (Njoroge et al. 2016). 
Both lineages represent the A1 mating type; however, the A2 
mating type (lineage EU_33_A2) was recently reported in 
Nigeria (Nnadi et al. 2019). The further spread of this line-
age and additional introductions of the A2 mating type in 
sub-Saharan Africa can lead to the establishment of sexually 
reproducing populations in this region. Sexual reproduction 
can have an important impact on the occurrence and man-
agement of late blight not only through the production of 
oospores that can survive in soil without a living host, but 

also by generating new lineages that have new phenotypes 
(Fry 2020).

In sub-Saharan Africa, annual losses due to late blight 
are estimated at 15–30% with losses of up to 57% being 
reported in some cases (Ghislain et al. 2019). Furthermore, 
climate change is expected to slightly increase the severity 
of late blight in sub-Saharan Africa (Sparks et al. 2014). 
This slight increase in disease incidence may not pose a 
threat to potato production. Still, controlling this disease in 
sub-Saharan Africa is essential for the food security of this 
region, as potato is an important staple crop for small grow-
ers and subsistence farmers.

Various approaches have been used globally to control 
late blight, including seed certification, integrated manage-
ment, fungicide sprays, early planting, elimination of disease 
sources, and planting resistant cultivars (Fry 2016; van der 
Waals and Krüger 2020). Among these, the use of fungicides 
is losing popularity due to environmental concerns and the 
development of resistance in some strains of the pathogen 
(Ghislain et al. 2019). Introducing natural resistance into 
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Fig. 1  The number of Phytophthora taxa recorded from each country 
in sub-Saharan Africa. The timeline around the continent of Africa dis-
plays significant scientific achievements from the region. The Figure 

only includes taxa that were at least provisionally identified up to the 
species level. For more information, please refer to the dataset available 
through Mendeley Data (https:// doi. org/ 10. 17632/ 8khww sn3xx.1)

https://doi.org/10.17632/8khwwsn3xx.1


Mycological Progress (2023) 22:78 

1 3

Page 7 of 19 78

potato cultivars is a sustainable method for controlling this 
disease. Nevertheless, P. infestans rapidly overcomes the 
cultivar resistance (Haverkort et al. 2009). To address this, 
three resistance genes were introduced into potatoes from 
their wild relatives (Ghislain et al. 2019). These introduced 
resistance genes are providing long-lasting resistance to 
multiple strains of P. infestans in sub-Saharan Africa (Ghis-
lain et al. 2019).

Taro leaf blight

Taro is an edible aroid and one of the world’s top five root 
crops. This plant is native to Southeast Asia and southern 
India (USDA ARS 2023) and was introduced to various 
humid, subtropical, and temperate areas of the world, such 
as Africa (Alexandra et al. 2020). According to the FAO, 
Africa accounts for more than 70% of global taro produc-
tion (FAOSTAT 2022). Taro is produced in Africa by small-
holder and subsistence farmers in Nigeria, Ethiopia, Came-
roon, Ghana, Burundi, Madagascar, Rwanda, and the Central 
African Republic (Oladimeji et al. 2022; https:// www. tridge. 
com/). However, taro yields have decreased over the last few 
years, with the lowest production recorded in Africa in 2020 
(FAOSTAT 2022). A substantial part of this decrease in taro 
productivity can be attributed to the emergence of taro leaf 
blight, caused by Phytophthora colocasiae, in West Africa 
in 2009 (Bandyopadhyay et al. 2011). This disease affected 
taro crops in Nigeria, Cameroon, Ghana, and other neigh-
bouring countries, causing an economic loss of about USD 
1.4 billion annually (Onyeka 2014).

Phytophthora colocasiae is a heterothallic species that 
was initially identified on the Indonesian island of Java 
(Raciborski 1900) and is believed to have an Asian origin 
(Zhang et al. 1994). This disease is now causing substantial 
losses on taro crops throughout the world (Miyasaka et al. 
2013). As a result, it has been designated as one of the most 
serious pathogens threatening food security in the tropics 
(Alexandra et al. 2020; Oladimeji et al. 2022). Phytoph-
thora colocasiae is mostly transmitted in the field by asexual 
spores carried by water to susceptible hosts via rain splashes. 
Symptomatic plants have water-soaked lesions that exude 
fluid that changes colour from a bright yellow to dark purple 
when dry. The lesions enlarge as the disease progresses, with 
a zonate appearance and are brownish to purplish brown in 
colour. Sporangia arise from leaf lesions in clusters, causing 
leaf senescence. The disease colonises the corms as well and 
causes root and corm rot (Miyasaka et al. 2013).

Three mating types, A1, A2, and A0, have been identified 
in P. colocasiae. All three mating types have been reported 
from various Asian and Pacific regions (Tyson and Fuller-
ton 2007). However, the global distribution of these mating 
types is not homogeneous (Tyson and Fullerton 2007). In 
Hawaii, for example, most isolates were initially reported 

to be A1 (Ko 1979), although the A2 mating type has since 
been discovered there (Shrestha et al. 2014). On the other 
hand, in Taiwan, only the A2 type is known (Ann et al. 
1986; Zhang et al. 1994). However, the mating types of P. 
colocasiae in West and Central Africa are largely unknown. 
Knowledge of the genetic diversity of the host is equally 
limited (Oladimeji et al. 2022). Therefore, taro breeding for 
disease resistance in sub-Saharan Africa has not progressed 
extensively. In this scenario, based on the economic losses 
incurred by the farmers in this region, research involving 
the mitigation of this pathogen and the selection of tolerant 
cultivars is urgently needed.

Fruit crops

Various species of Phytophthora have been isolated from 
symptomatic fruit trees in sub-Saharan Africa (Table 1), for 
example, P. cactorum from apples, citrus, and grapes; P. cin-
namomi from pineapples, apples, and grapes; P. cryptogea 
from citrus and grapes; and P. megasperma from grapes. 
However, here we consider the three main hosts of Phytoph-
thora occurring in sub-Saharan Africa, namely, avocado, 
cocoa, and citrus.

Root rot and dieback of avocado

Avocado (Persea americana) is one of the most widely 
planted fruit crops in sub-Saharan Africa. Hence, it is often 
referred to as “green gold.” Kenya and South Africa are the 
two most important avocado producers in the region, fol-
lowed by the Democratic Republic of the Congo, Ethiopia, 
and Cameroon. The first large-scale production of avocado 
in Africa started in Tzaneen and Louis Trichardt in South 
Africa in 1938 (Bezuidenhout 2018). Soon after, dieback 
was reported and the causal organism was identified as 
P. cambivora, which was later corrected to P. cinnamomi 
(Doidge and Bottomley 1931; Wager 1941), a pathogen 
originating from Southeast Asia (Ko et al. 1978). Root rot 
and dieback caused by P. cinnamomi are now among the 
most damaging diseases of avocados in this region although 
its current estimated economic impact in various avocado-
growing regions of sub-Saharan Africa is unavailable. Due 
to high summer rainfall and soil temperatures, the severity 
of this disease is exceptionally high in South Africa (Bekker 
2011). Thus, phosphorous acid (phosphite) treatments, foliar 
sprays, trunk paints, soil drenches, and Phytophthora-toler-
ant rootstocks are used to manage this disease (Bezuiden-
hout 2018).

Phytophthora cinnamomi is a heterothallic species. When 
compared to A2 mating type isolates, the A1 isolates have 
a high level of genetic diversity (Dobrowolski et al. 2002; 

https://www.tridge.com/
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Arentz 2017). The A2 mating type is more aggressive and the 
dominant type in various areas of the world, including South 
Africa (Linde et al. 1997; Kamoun et al. 2015; Arentz 2017). 
Nevertheless, both mating types of P. cinnamomi have been 
reported in South Africa (Linde et al. 1997; Oh et al. 2011) 
and in Kenya (Mbaka et al. 2010) in various ecosystems. 
However, sexual reproduction in nature has not been reported 
in South Africa or elsewhere in Africa. A recent population 
genetic study using 15 microsatellite markers indicated that 
P. cinnamomi from natural vegetation in the Western Cape 
had the highest level of genotypic diversity and the number of 
unique alleles, indicating this could be the point of introduc-
tion of P. cinnamomi to South Africa. Shared genotypes were 
detected between isolates from avocado orchards and natu-
ral vegetation, indicating the movement of isolates between 
these areas (Engelbrecht et al. 2022).

Black pod disease of cacao

Cacao black pod rot is the most damaging disease of Theo-
broma cacao in the world. Depending on the geographic 
region, various species of Phytophthora have been reported 
as causal agents of this disease (Drenth and Guest 2013). 
Phytophthora species that have been linked to this disease 
include P. botryosa, P. capsici, P. citrophthora, P. heveae, 
P. katsurae, P. megakarya, P. megasperma, P. palmivora, 
P. theobromicola along with several other species (Declo-
quement et al. 2021). Among these, P. palmivora and P. 
megakarya are the most damaging pathogens (Erwin and 
Ribeiro 1996; Guest 2007). Phytophthora palmivora has a 
global distribution, whereas P. megakarya is restricted to 
African countries (Guest 2007). Phytophthora megakarya 
is considered to have evolved in Nigeria, near the Cameroo-
nian border, and currently consists of two genetically dis-
tinct populations occurring in Central and Western Africa 
(Nyassé et al. 1999).

Both P. megakarya and P. palmivora are heterothallic, 
and for both species, the A1 and A2 mating types have been 
reported in sub-Saharan Africa (Akrofi 2015). The majority 
of P. megakarya isolates infecting cocoa are mating type A1. 
Yet, both mating types have been reported from Equatorial 
Guinea, Cameroon, Ghana, and Nigeria (Appiah et al. 2003). 
In contrast, mating type A2 of P. palmivora predominates 
in Africa, although both mating types have been observed 
in Ghana and Togo (Appiah et al. 2003). This asymmetry in 
mating type distribution may favour interspecific hybridiza-
tion, but not sexual reproduction (Brasier and Griffin 1979). 
Fortunately, although the two species are closely related 
and coexist in cocoa farms, no hybrids have been observed, 
possibly due to differences in chromosome numbers in P. 
megakarya and P. palmivora (Akrofi 2015).

Cocoa trees affected by Phytophthora megakarya and 
P. palmivora exhibit overlapping symptoms. Cacao black 

pod rot starts with the emergence of a small, firm, and dark 
lesion on the cocoa pod. Within days, the lesions rapidly 
expand to cover the entire surface of the pod and internal 
tissue, eventually giving the pods a mummified appearance 
(Dennis and Konam 1994; Drenth and Guest 2013). A single 
infected pod can yield an inordinate number of zoospores 
under favourable conditions, which are disseminated by rain, 
insect vectors, contaminated soil, and farming equipment. 
In addition to infecting pods, both pathogens infect bark, 
leaves, and flowers. Stem cankers are concealed by the bark 
but frequently discharge a reddish exudate (Guest 2007).

Phytophthora megakarya was first identified in Nigeria in 
1979 (Brasier et al. 1981) and thereafter, from Togo (Djek-
por et al. 1982), Ghana (Dakwa 1988), La Côte d’Ivoire 
(Luterbacher and Akrofi 1993; Nyassé et al. 1999; Rister-
ucci et al. 2003), and Cameroon (Nyassé et al. 1999). Phy-
tophthora megakarya is a more aggressive pathogen than P. 
palmivora (Akrofi et al. 2003; Opoku et al. 2000). For exam-
ple, P. palmivora was the only recognised causative agent 
of the black pod disease of cocoa in Ghana before 1985, 
resulting in 30% crop loss (Akrofi et al. 2003). After 1985, 
with the emergence of P. megakarya in that country, the 
impact of this malady increased substantially (Dakwa 1988).

The management of black pod rot is complicated by the 
fact that both P. megakarya and P. palmivora can success-
fully survive within alternative hosts, which are often inter-
cropped with cocoa. Throughout West and Central Africa, 
cocoa is intercropped with various shade plants, including 
citrus, papaya, banana, and cassava, to name a few. This 
approach offers numerous advantages, including better soil 
fertility, drought and bushfire resistance, and the opportunity 
for additional income. Several of these intercropped plant 
species may function as alternate hosts for pod rot patho-
gens. Phytophthora megakarya has been isolated from an 
assortment of alternative host plants, such as Funtumia elas-
tica, Sterculia tragacantha, Dracaena manii, Ricinodendron 
heudelotii (Opoku et al. 2002), Xanthosoma sagittifolium, 
Musa paradisiaca, Elaeis guineensis, Persea americana, 
Carica papaya, Mangifera indica, Colocasia esculenta, 
Athyrium nipponicum, Ananas comosus on cacao farms in 
Ghana (Akrofi et al. 2015), and the native tree, Irvingia gab-
onensis, in Cameroon (Holmes et al. 2003). Phytophthora 
palmivora also has a very wide host range that includes 
citrus, papaya, and other species intercropped with cocoa 
(Erwin and Ribeiro 1996).

Studies have shown that P. megakarya has displaced P. 
palmivora in cocoa plantations in Cameroon and Nigeria 
(Nyassé et al. 1999). This is likely to also happen in other 
parts of West and Central Africa. Phytophthora palmivora 
can survive in a wider temperature range than P. megakarya 
(Puig et al. 2018). However, the optimal growth temperature 
for P. megakarya overlaps with the cocoa production condi-
tions in the region (Puig et al. 2018). This and its ability to 
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sporulate profusely may be the reason why P. megakarya is 
highly successful and is projected to increase in abundance 
in West Africa (Teixeira 2021). At the same time, there is a 
significant potential for the global spread of this pathogen 
to other important cocoa-growing regions, as observed for 
P. ramorum (Grünwald et al. 2012). However, strict quar-
antine measures can prevent this pathogen from spreading, 
and more research is needed to reduce its economic impact 
in Africa.

Phytophthora diseases of citrus

South Africa is one of the largest exporters of citrus world-
wide. Since 1891, gummosis disease on citrus was known 
to occur in the Cape Colony (Hector and Loest 1937), but 
it was only in 1930 that the cosmopolitan Phytophthora 
citrophthora was isolated and identified from such symp-
toms in South Africa (Wager 1941). This pathogen was also 
identified by Doidge (1925), as the causal agent of brown 
rot of citrus fruit during an epidemic that affected parts of 
the Transvaal (Gauteng, Limpopo, and Mpumalanga) and 
the Cape Province (Western, Eastern, and Northern Cape). 
Subsequently, P. citrophthora was reported from the Mpu-
malanga, Eastern Cape, and Limpopo provinces on a variety 
of citrus hybrids (Doidge and Bottomley 1931; Hector and 
Loest 1937).

In addition to P. citrophthora, Gorter (1977) identified P. 
nicotianae as the pathogen of citrus causing root and col-
lar rot. Following this, Von Maltitz and Von Broembsen 
(1985) reported P. citricola from the Western Cape Prov-
ince. Consequently, three surveys of Phytophthora species 
linked with citrus orchards and nurseries in South Africa 
were published. The initial investigation, from 1982 to 1984, 
exclusively detected P. nicotianae in citrus nurseries in the 
Eastern Cape and the Transvaal region (currently Limpopo, 
Mpumalanga, North West, and Gauteng). This finding was 
subsequently supported in the study by Thompson et al. 
(1995) where the authors also detected P. nicotianae in root 
and soil samples from orchards in the Transvaal. Maseko 
et al. (2002) also showed that P. nicotianae was the most 
abundant species associated with citrus orchards in Mpuma-
langa and Limpopo, while P. citrophthora was less common 
within these provinces. Later, Schutte and Botha (2010), 
while investigating the causal agent of trunk and branch 
canker on clementine mandarins in the Western Cape, con-
cluded that P. citrophthora was the predominant species in 
that province.

Recently, Meitz-Hopkins et al. (2014) surveyed all major 
citrus-producing regions of South Africa spanning seven 
provinces, Eastern Cape, Kwazulu-Natal, Limpopo, Mpu-
malanga, Northern Cape, North West, and Western Cape. 
Their PCR-RFLP analyses of the ITS region for all 162 iso-
lates confirmed P. nicotianae as the most abundant species 

(mostly A1 mating type), followed by P. citrophthora which 
included both G1 and G2 subgroups. The authors also 
isolated P. multivora and an unknown species with high 
similarity to P. taxon Sisulu-river, an undescribed species 
detected from a riparian ecosystem in South Africa (Nagel 
et al. 2015).

Citrus diseases caused by Phytophthora have also been 
documented in a few other countries from sub-Saharan 
Africa. Phytophthora citrophthora has been found to infect 
a variety of citrus species in Liberia (Nagel et al. 2013a). 
In investigating the aetiology of citrus tree decline in Cam-
eroon, Ndo et al. (2019) identified Phytophthora as one of 
the primary causal agents. However, species identification 
was not undertaken. In studying the Phytophthora spe-
cies responsible for citrus gummosis in Kenyan orchards, 
Mounde et al. (2012) found that P. citrophthora was the most 
prevalent species, followed by P. nicotianae.

Plantation forestry

Forests are important for solving current global socio-
environmental problems such as biodiversity loss, climate 
change, and substantially support resource-based liveli-
hoods. In this regard, sub-Saharan Africa is recognized as a 
key player in the dynamics of the global carbon cycle (Bom-
belli et al. 2009). Commercial forestry in sub-Saharan Africa 
is mostly based on exotic tree species because the region 
lacks sufficient indigenous timber resources (Zwolinski and 
Bayley 2001). In 1876, the first commercial Eucalyptus plan-
tation was established in South Africa (Zobel et al. 1987). 
Today, Eucalyptus is the most planted tree in the region, 
followed by Pinus, Hevea, Acacia, and Tectona. A plethora 
of pests and pathogens have been identified in the planta-
tions of these exotic trees (Wingfield et al. 2001a, 2013). 
However, our understanding of the Phytophthora diversity 
and susceptibility of these exotic trees to this pathogen is 
largely limited to South Africa (Fig. 1).

The three most important exotic plantation trees in South 
Africa include species of Pinus, Eucalyptus and Acacia 
mearnsii. Among these, more than 90% of the plantation 
land area is dedicated to Pinus and Eucalyptus. Several 
native and introduced Phytophthora species cause damage 
to these trees (Wingfield and Knox-Davies 1980; Wingfield 
and Swart 1994; Linde et al. 1994a, b; Roux and Wingfield 
1997; Roux et al. 2012; Wingfield et al. 2001b) (Table 1). 
Phytophthora cinnamomi, for example, causes root and col-
lar rot in some Pinus and Eucalyptus species (Linde et al. 
1994b). Until the early 1990s, P. cinnamomi was the only 
known species associated with these trees. Phytophthora 
boehmeriae and P. nicotianae were later isolated from symp-
tomatic Eucalyptus species in South Africa (Linde et al. 
1994b). In the last decade, two new Phytophthora species, 
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P. alticola and P. frigida, were found to cause collar rot 
on cold-tolerant eucalypts (Maseko et al. 2007; Bose et al. 
2017). Besides this, P. alticola, a species of unknown origin, 
is most likely also responsible for the recent outbreak of 
post-planting mortality of E. nitens, a previously unknown 
disease that reduced the commercial deployment of this tree 
in South Africa (Bose et al. 2023).

The most prevalent Phytophthora disease of A. mearnsii 
is “black butt,” which is caused by P. nicotianae (Zeijle-
maker and Margot 1970; Zeijlemaker 1971) (Fig. 1). The 
disease is characterized by the darkening of the bark at the 
base of the tree, followed by bark cracking and gummo-
sis (Zeiljemaker 1967, 1971; Roux et al. 1995; Roux and 
Wingfield 1997). Later, P. boehmeriae and P. meadii were 
also isolated from symptomatic A. mearnsii (Roux and 
Wingfield 1997). A disease with comparable symptoms was 
identified in Kenya and Tanzania (Roux et al. 2005). The 
severity of the disease was greatest in southwestern Tan-
zania. However, species identification was not conducted 
(Roux et al. 2005).

All the studies listed above are based on isolation from 
infected tissue or soil baiting. Therefore, species identifica-
tion was limited. To address this, Bose et al. (2018) con-
ducted the first study in Africa to catalogue Phytophthora 
diversity from E. grandis and A. mearnsii plantations (and 
adjacent native forests) using high-throughput sequencing. 
In this study, the authors detected 22 Phytophthora taxa in 
the plantation soils, including 12 new reports and many 
new phylotypes. In a subsequent study, Bose et al. (2021b) 
also catalogued Phytophthora diversity from the roots of 
these two non-native tree species. In this study, the authors 
detected 27 Phytophthora species, which included seven 
new reports (Table 1). These two investigations significantly 
expanded the number of Phytophthora species known from 
South Africa and sub-Saharan Africa as a whole (Fig. 1).

Natural woodlands and veld

The natural woodlands and veld of Africa are iconic. These 
sub-Saharan ecosystems provide important habitats for both 
plants and animals. Thus, it is imperative to preserve this 
ecosystem against both native and invasive pests and patho-
gens. Various invasive Phytophthora species are important 
pathogens of native plants, particularly in woody ecosystems 
(Rizzo and Garbelotto 2003; Hansen et al. 2012; Bradshaw 
et al. 2020; Jung et al. 2020). However, surveys considering 
Phytophthora diversity in natural ecosystems are scarce in 
sub-Saharan Africa, except for South Africa.

In South Africa, the Cape Floristic Region in the West-
ern Cape Province has received the greatest attention due 
to its extraordinary floral diversity. The most common 
Phytophthora in the Cape Floristic Region is P. cinnamomi 

(Von Broembsen 1984a; Von Broembsen and Kruger 1985). 
In this region, this pathogen is known to cause collar- and 
root-rot of several native plant species from the families 
Ericaceae, Proteaceae, and Bruniaceae (Von Broembsen 
1984a; Von Broembsen and Kruger 1985). Phytophthora 
cinnamomi is one of the most damaging pathogens of vari-
ous plants from Proteaceae, such as species of Protea, Leu-
cospermum, and Leucadendron, including the iconic silver 
tree, Leucadendron argenteum (Van Wyk 1973a, b; Knox-
Davies 1975; Von Broembsen 1984a). Subsequently, trials 
confirmed that species of Leucadendron and Leucospermum 
have a higher susceptibility to P. cinnamomi than Protea 
(Von Broembsen and Brits 1985). This invasive pathogen 
was recently identified causing collar and root rot in Soro-
cephalus imbricatus, a critically endangered Proteaceae 
endemic to this region (Paap et al. 2023). Besides this, P. 
cinnamomi was also detected as a pathogen of commercially 
cultivated proteas in the Southwestern Cape (Von Broemb-
sen and Brits 1985).

Ocotea bullata (stinkwood) is an endemic tree native to 
South Africa in the family Lauraceae. Phytophthora cin-
namomi was found responsible for the dieback of O. bullata 
in the Eastern Cape Province (Von Broembsen et al. 1986; 
Lübbe and Geldenhuys 1990; Lübbe and Mostert 1991). 
Both A1 and A2 mating types of P. cinnamomi were recov-
ered from the region. The A2 mating type was primarily 
associated with the declining trees, whereas the A1 mating 
type was isolated from asymptomatic trees, seedlings, and 
soil from undisturbed plots. Hence, it was predicted that the 
P. cinnamomi A2 mating type was pathogenic to O. bullata 
(Von Broembsen et al. 1986).

Several other Phytophthora species have been reported 
from indigenous hosts in the Cape Floristic Region, such 
as P. capensis, P. citricola, P. cryptogea, P. drechsleri, and 
P. emzansi (Von Broembsen 1984a; Nagel et al. 2013a) 
(Table 1). Among these, P. emzansi and P. capensis were 
found infecting cultivated Agathosma species, Curtisia den-
tata, and Olea capensis (Bezuidenhout et al. 2010). Recently, 
Bose et al. (2021a) also recovered P. emzansi from the rhizo-
sphere soil of Afrocarpus falcatus, Podocarpus elongatus, 
and Rapanea melanophloeos through surveys conducted 
by the Cape Citizen Science programme. The authors also 
isolated a novel species, Phytophthora afrocarpa, from the 
rhizosphere soil of A. falcatus, a keystone tree species of the 
South African afrotemperate forest.

Apart from the Cape Floristic Region, Oh et al. (2013) 
detected many previously described and potentially novel 
Phytophthora species associated with asymptomatic vegeta-
tions while surveying natural forests in five South African 
provinces. Phytophthora multivora emerged as a frequently 
identified species in this study. Furthermore, a recent pop-
ulation genetics study indicated South Africa as a poten-
tial place of origin for P. multivora (Tsykun et al. 2022). 
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Similarly, Bose et al. (2018, 2021b) detected a remark-
able diversity of Phytophthora from natural forest plots in 
KwaZulu-Natal and Mpumalanga using high-throughput 
sequencing technology. The diversity of Phytophthora 
reported in these studies included numerous novel phylo-
types, such as Phytophthora RSA1A, RSA5A, RSA7A, and 
RSA10A, as well as species previously unknown from South 
Africa (Table 1).

Botanical gardens

Botanical gardens are ex situ conservation sites. Hence, 
they curate remarkable plant collections, frequently com-
prising both native and exotic plant species. Botanical 
gardens are also an important trade centre for ornamen-
tal plants. These activities promote the introduction of 
new pests and pathogens, as well as natural microbes that 
infect the exotic plants maintained in the garden. Globally, 
botanical gardens are frequently seen as an excellent venue 
for the early detection of pests and pathogens, such as 
Phytophthora species (Britton et al. 2010; Paap et al. 2017; 
Wondafrash et al. 2021). Nevertheless, there is only one 
survey from sub-Saharan Africa that studied Phytophthora 
species in botanical gardens.

Hulbert et al. (2019) surveyed three botanical gardens 
and one urban garden in the Western Cape Province of 
South Africa. Through this study, the authors detected nine 
previously described species: P. amnicola, P. asparagi, P. 
capensis, P. cinnamomi, P. chlamydospora, P. emzansi, 
P. lacustris, P. multivora, and P. tropicalis, along with 
three potential hybrids: P. amnicola × P. chlamydospora, 
P. hydropathica × P. sp. Maryland, and P. pseudocrypta-
gea × P. cryptogea. Of the species discovered in this study, 
P. amnicola, P. asparagi, and P. tropicalis, as well as the 
three potential hybrids, are the first to be recorded from 
South Africa. This research demonstrates the need to 
conduct comparable investigations in sub-Saharan Afri-
can botanical gardens to strengthen the plant quarantine 
system and expand our knowledge of the diversity of Phy-
tophthora from this region.

Plant nurseries

Plant nurseries serve as an important gateway for the 
introduction of exotic plant pathogens, such as Phytoph-
thora species. This is because nurseries provide an opti-
mal environment for the reproduction and hybridization 
of these invasive Phytophthora species, as well as facili-
tating their dispersal and establishment in various eco-
systems (Brasier 2008). Numerous studies in Europe and 
North America have thoroughly investigated the role of 

nurseries in spreading Phytophthora diseases (Reichard 
and White 2001; Jones and Baker 2007; Jung et al. 2016). 
Such research from sub-Saharan Africa, on the other hand, 
is sparse. A few studies, however, have been undertaken in 
South Africa. Marais (1980) reported five Phytophthora 
species from grapevine nurseries, including P. cactorum, 
P. cinnamomi, P. cryptogea, P. megasperma, and P. nico-
tianae. However, about 30 years later, Spies et al. (2011) 
and Langenhoven et al. (2018) only found Phytophthora 
niederhauserii in such nurseries. This pathogen is a pol-
yphagous species that has also been detected in various 
plant nurseries globally (Abad et al. 2014). Phytophthora 
cinnamomi has also been isolated from forest and buchu 
(Agathosma species) nurseries in South Africa (Donald 
and von Broembsen 1977; Bezuidenhout et  al. 2010), 
which may have played a role in its dispersal to natural 
vegetation in the Western Cape Province. In the South 
African citrus industry, nursery plants were identified as a 
major pathway for the dispersal of Phytophthora to estab-
lished orchards in South Africa. The Citrus Improvement 
Scheme (CIS) was subsequently introduced to improve 
the quality and pathogen status of citrus nursery plants 
supplied to producers. Recommendations from the CIS 
resulted in a reduction of the incidence of Phytophthora 
in nursery samples from 78% to less than 2.5% (Preto-
rius 2019). Recently, Phytophthora multivesiculata was 
identified by Bose and Hammerbacher (2023) from an 
orchid nursery in Gauteng Province causing black rot of 
ornamental Cymbidium hybrids and Ansellia africana, a 
native species. Follow-up research revealed that P. multi-
vesiculata is not exclusively limited to orchid nurseries in 
Gauteng and also affects numerous other orchid species in 
the subfamily Epidendroideae (Bose unpublished).

When comparing the diversity of Phytophthora species 
between soil and roots in plantations using next-genera-
tion sequencing, Bose et al. (2021b) identified four species 
that were exclusively present in the roots of Eucalyptus 
grandis and Acacia mearnsii. These were P. constricta, 
P. rosacearum, P. kwongonina, and P. thermophila. This 
data showed that there could be an alternative source of 
Phytophthora inoculum other than plantation soil infecting 
these non-native plantation trees, which could have been 
introduced from nurseries. However, rigorous surveys are 
necessary to prove this hypothesis. The absence of these 
surveys might have irreversible implications in future, as 
demonstrated by Fusarium circinatum. This fungus was 
first detected in a nursery in South Africa (Viljoen et al. 
1994) and is now an established pathogen of pines in 
plantations, causing substantial economic losses (Mitch-
ell et al. 2012; Mitchell et al. 2011). A similar trend has 
been echoed by various Phytophthora species elsewhere in 
the world (Moralejo et al. 2009; Bienapfl and Balci 2014), 
including the infamous P. ramorum (Grünwald et al. 2012).
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Aquatic ecosystems

Phytophthora species are ideally adapted to water environ-
ments, which provide these organisms with suitable living 
conditions as well as an easy pathway to propagate and reach 
suitable plant hosts, hence promoting the expansion of their 
habitat. Phytophthora research in aquatic environments indi-
cates that this ecosystem can be used for the early detec-
tion of new species and hybrids (Man in't Veld et al. 1998; 
Jung et al. 2011; Reeser et al. 2011; Hüberli et al. 2013; 
Yang et al. 2014; Burgess 2015; Jung et al. 2016; Stam-
ler et al. 2016). Three Phytophthora diversity studies have 
been undertaken from aquatic environments in sub-Saharan 
Africa, all from South Africa.

The first survey was conducted by Nagel et al. (2013b). 
In this study, the authors detected eight Phytophthora 
species, including a novel taxon, P. taxon Sisulu-river, as 
well as two hybrid species from the Crocodile River in the 
Gauteng Province of South Africa. Clade 6 Phytophthora 
species were the most abundant and included P. chlamydos-
pora and P. lacustris. Phytophthora multivora, P. plurivora, 
and P. citrophthora represented the clade 2 species. Clade 
6 hybrids included T-A (P. thermophila × P. amnicola) 
and A-PG (P. amnicola × P. chlamydospora). Both these 
hybrids were distinguished by a highly polymorphic ITS 
region (Nagel et al. 2015). Following this study, putative 
hybrids from clade 9, P. sp. ×WS and P. sp. × Hennops 
were also discovered in South African streams (Oh et al. 
2013). In addition to these two studies, Bezuidenhout et al. 
(2010) identified Phytophthora capensis from both plant 
samples from endemic shrubs as well as stream water in 
Western Cape Province, and Von Broembsen (1984b) iden-
tified P. cinnamomi from all major rivers of this province. 
Nevertheless, subsequent studies failed to confirm the lat-
ter's observation.

There is an urgent need to catalogue aquatic Phytoph-
thora species from sub-Saharan Africa, as has been done 
elsewhere in the world. This is because several Phytoph-
thora hybrids are emerging plant pathogens, such as P. alni 
and its variants (Brasier et al. 1999), Phytophthora × pel-
grandis (Bonants et al. 2000; Faedda et al. 2013; Hurtado-
Gonzales et al. 2009; Man in’t Veld et al. 2012; Nirenberg 
et al. 2009), and Phytophthora × serendipita (Man in ‘t Veld 
et al. 2007, 2012). These hybrids, such as those from ITS 
clades 8 (Bertier et al. 2013; Jafari et al. 2020) and 1 (Ersek 
et al. 1995; Man in ‘t Veld et al. 2007), have expanded their 
host ranges and evolved novel virulence factors with isolates 
becoming more aggressive while overcoming the limita-
tions of their parental species by obtaining and recombin-
ing alleles or genes from both parents, followed by rapid 
evolution (Brasier 2000, 2001; Bertier et al. 2013). Mean-
while, among the four clade 6 hybrids, A-PG and T-A were 

detected from South Africa (Nagel et al. 2013b). Isolates 
of these hybrid Phytophthora species obtained from South 
Africa were also found in soils of declining vegetation in 
Western Australia, indicating that they may pose a risk to 
plant health. However, no further investigation into their 
pathogenicity on native South African plant species and 
crops was conducted.

How can we bridge the current knowledge 
gaps?

This review summarised both the historic and the current 
Phytophthora species diversity and research in sub-Saharan 
Africa. In the last decade, several important studies have 
been conducted that partially filled the knowledge gaps 
on Phytophthora research in this region, with a significant 
number of them being carried out in South Africa. These 
studies focused on species diversity, population genetics, 
and developing disease-resistant crop varieties. Still, there 
is a paucity of Phytophthora research in various parts of 
sub-Saharan Africa. In the future, this pitfall might have 
irreversible effects on the floral biodiversity, food security, 
and economy of this region.

Except for South Africa, large-scale Phytophthora biodi-
versity studies are currently missing from the remainder of 
sub-Saharan Africa (Fig. 1). This is evident from the species 
lists from this article with that of Nagel et al. (2013a), Scott 
et al. (2013), and Marcot et al. (2023). Previously, 22 Phy-
tophthora species had been recorded from South Africa (Scott 
et al. 2013); this number has now grown to 68. These additional 
species include new reports, species, hybrids, and phylotypes. 
However, the species list remained the same for most other 
countries in the region (Scott et al. 2013; Marcot et al. 2023) 
(Fig. 1). Phytophthora has not been documented in a few sub-
Saharan countries, including Namibia, Botswana, Benin, and a 
few others (Fig. 1). As exemplified by the Cape Citizen Science 
programme (https:// citsci. co. za/), diversity studies can be per-
formed inexpensively and with the involvement of local com-
munities (Hulbert 2016; Hulbert et al. 2023). Through this pro-
gramme, diversity studies were conducted in the Greater Cape 
Floristic Region, allowing the detection of novel species, previ-
ously unreported species, and potential new hybrids (Hulbert 
et al. 2019; Bose et al. 2021a). Furthermore, this programme 
trained amateur science enthusiasts with skills to detect plant 
diseases, collect samples, isolate microbes, and much more. 
Similar approaches and platforms could be employed to address 
the current lack of diversity studies from other countries in sub-
Saharan Africa. Besides this, data emerging from such diversity 
studies will also provide crucial information that can be utilized 
by future studies, such as the one recently conducted by Marcot 

https://citsci.co.za/
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et al. (2023) as well as by governments to increase the efficacy 
of current quarantine measures in the region.

In this century, several Phytophthora species have been 
described from Sub-Saharan Africa and many previously 
known species have been isolated from new hosts and envi-
ronments. However, in most cases, the pathogenicity of these 
Phytophthora species has not been determined. An impor-
tant example of this is Phytophthora multivora, a recently 
described species with a broad host range (Scott et al. 2009; 
Migliorini et al. 2019). This species, although previously 
reported as P. citricola, is an emerging pathogen that has 
featured increasingly in reports of Phytophthora in South 
Africa, both from agricultural and natural environments 
(Bezuidenhout et al. 2010; Oh et al. 2013; Meitz-Hopkins 
et al. 2014; Bose et al. 2018, 2021b; Hulbert et al. 2019; 
Spies unpublished). Consequently, the impact of this species 
on food safety and security in sub-Saharan Africa and the 
conservation of local flora is largely unknown. Studies to 
investigate the pathogenicity of newly reported species, as 
well as newly discovered species such as P. afrocarpa (Bose 
et al. 2021a), should be prioritised to elucidate the extent 
to which they threaten crop production and the indigenous 
vegetation in sub-Saharan Africa.

Achieving food security continues to be a challenge in 
Africa. In this scenario, our knowledge of Phytophthora 
species affecting agriculture in sub-Saharan Africa is pre-
dominantly restricted to P. cinnamomi, P. infestans, and 
P. nicotianae. However, other Phytophthora species have 
comparable effects on various other crops from the region, 
such as P. megakarya and P. colocasiae. The impact of P. 
megakarya on cacao production is affecting the economies 
of West and Central Africa through reduced yield (Akrofi 
et al. 2015). Similarly, taro leaf blight is a major constraint 
to taro production in Central and West Africa. However, our 
current knowledge of this pathosystem is sparse (Oladimeji 
et al. 2022). These shortfalls can be addressed by launching 
population genetic studies involving both hosts and patho-
gens as well as selective breeding programmes for devel-
oping disease-resistant crop varieties, as has been done for 
potatoes and avocados.

Sub-Saharan Africa is particularly vulnerable to the nega-
tive effects of climate change (Pereira 2017). In sub-Saharan 
Africa, the average temperature has increased by 0.5 °C over 
the past century (Kotir 2011) and is projected to increase by 
more than 2 °C by the end of 2100 (Niang et al. 2014). At 
the same time, the region has limited financial resources and 
a lack of advanced infrastructure and technology, which fur-
ther increases its vulnerability (Di Falco 2014; Fisher et al. 
2015; Mall et al. 2017). Simultaneously, we know that cli-
mate change will positively influence the distribution, inva-
siveness, and pathogenicity of various Phytophthora spe-
cies globally, such as P. cinnamomi (Burgess et al. 2017), P. 

infestans (Sparks et al. 2014), and P. ramorum (Venette and 
Cohen 2006). In this scenario, it is essential to estimate the 
impact of climate change on native Phytophthora species 
from the region, such as P. alticola, P. colocasiae and P. 
megakarya. For example, P. alticola, which was previously 
a minor pathogen in South Africa, is now causing significant 
post-planting mortality of E. nitens (Bose et al. 2023). Since 
E. nitens is adapted to cold climates, it was hypothesised that 
warming temperatures might be the cause of its increased 
susceptibility to P. alticola.

Conclusions
Phytophthora research in sub-Saharan Africa has gained 
some momentum in the last decade. Nonetheless, a substan-
tial portion of this research was undertaken in South Africa. 
This is because a majority of sub-Saharan Africa includes 
developing nations, with inadequate resources and funding 
for performing basic research. In an era of globalisation, 
the negative impact of Phytophthora and other understud-
ied plant diseases on Africa’s food security, economy and 
sustainability will extend beyond the continent’s bounda-
ries. Furthermore, currently, unknown and undescribed Phy-
tophthora species and hybrids from the African continent 
may pose a significant risk to global crop production and 
plant health. Therefore, global research funding organisa-
tions should strongly consider supporting plant protection 
research in sub-Saharan Africa.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11557- 023- 01926-0.

Acknowledgements We thank our funding agencies for supporting 
this study. We also thank all the Phytophthora researchers from sub-
Saharan Africa. Each day, your commitment and resilience are moving 
Africa ahead — Ukunika i-Afrika amandla (Zulu).

Author contribution T Bose and TA Coutinho conceptualised this 
review. T Bose and CFJ Spies curated the species list. A Hammer-
bacher procured the funding for this study. The first draft of the manu-
script was written by T Bose, and all authors commented on previous 
versions of the manuscript.

Funding Open access funding provided by University of Pretoria. 
This study was funded by Forestry South Africa (FSA) Grant No. 
FSA2021AH. The University of Pretoria and the Tree Protection Coop-
erative Programme (TPCP) and Forestry and Agricultural Biotechnol-
ogy Institute (FABI) provided additional financial support.

Availability of data and materials The dataset associated with this 
study is available through the Mendeley Data (https:// doi. org/ 10. 17632/ 
8khww sn3xx.1) and as supporting data with this article.

Declarations 

Ethics approval and consent to participate Not applicable

Consent for publication Not applicable

https://doi.org/10.1007/s11557-023-01926-0
https://doi.org/10.17632/8khwwsn3xx.1
https://doi.org/10.17632/8khwwsn3xx.1


 Mycological Progress (2023) 22:78

1 3

78 Page 14 of 19

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abad ZG, Abad JA, Cacciola SO, Pane A, Faedda R, Moralejo E, 
Pérez-Sierra A, Abad-Campos P, Alvarez-Bernaola LA, Bakonyi 
J (2014) Phytophthora niederhauserii sp. nov., a polyphagous 
species associated with ornamentals, fruit trees and native plants 
in 13 countries. Mycologia 106(3):431–447

Abad ZG, Burgess TI, Redford AJ, Bienapfl JC, Srivastava S, Mathew 
R, Jennings K (2022) IDphy: an international online resource 
for molecular and morphological identification of Phytophthora. 
Plant Dis 107(4):987–998

Akrofi A (2015) Phytophthora megakarya: a review on its status as a 
pathogen on cacao in West Africa. Afr Crop Sci J 23(1):67–87

Akrofi A, Appiah A, Opoku I (2003) Management of Phytophthora pod 
rot disease on cocoa farms in Ghana. Crop Protect 22(3):469–477

Akrofi AY, Amoako-Atta I, Assuah M, Asare EK (2015) Black pod 
disease on cacao (Theobroma cacao, L) in Ghana: spread of Phy-
tophthora megakarya and role of economic plants in the disease 
epidemiology. Crop Protect 72:66–75

Alexandra S, Jamora N, Smale M, Ghanem ME (2020) The tale of taro 
leaf blight: a global effort to safeguard the genetic diversity of 
taro in the Pacific. Food Secur 12(5):1005–1016

Ann P, Kao C, Ko W (1986) Mating-type distribution of Phytophthora 
colocasiae in Taiwan. Mycopathologia 93(3):193–194

Appiah A, Flood J, Bridge P, Archer S (2003) Inter and intraspecific 
morphometric variation and characterization of Phytophthora 
isolates from cocoa. Plant Pathol 52(2):168–180

Arentz F (2017) Phytophthora cinnamomi A1: an ancient resident of 
New Guinea and Australia of gondwanan origin? For Pathol 
47(4):e12342

Bahramisharif A, Lamprecht SC, Spies CFJ, Botha WJ, Calitz FJ, 
McLeod A (2014) Pythium spp. associated with rooibos seed-
lings, and their pathogenicity toward rooibos, lupin, and oat. 
Plant Dis 98(2):223–232

Bandyopadhyay R, Sharma K, Onyeka TJ, Aregbesola A, Kumar PL 
(2011) First report of taro (Colocasia esculenta) leaf blight 
caused by Phytophthora colocasiae in Nigeria. Plant Dis 
95(5):618–618

Bekker TF (2011) Efficacy of water soluble silicon for control of Phy-
tophthora cinnamomi root rot of avocado. University of Pretoria, 
Pretoria

Bertier L, Leus L, D’hondt L, De Cock AW, Höfte M (2013) Host 
adaptation and speciation through hybridization and polyploidy 
in Phytophthora. PLoS One 8(12):e85385

Bezuidenhout CM, Denman S, Kirk SA, Botha WJ, Mostert L, 
McLeod A (2010) Phytophthora taxa associated with cultivated 

Agathosma, with emphasis on the P. citricola complex and P. 
capensis sp nov. Persoonia 25(1):32–49

Bezuidenhout J (2018) The South African Phytophthora trail and the 
way forward. South African Avocado Growers’ Association 
Yearbook 41:64–75

Bienapfl JC, Balci Y (2014) Movement of Phytophthora spp Mary-
land’s nursery trade. Plant Dis 98(1):134–144

Blersch F (1890) Salts of copper and other remedies for the potato 
disease, commonly called blight. Agric J Cape Good Hope 3:100

Bombelli A, Henry M, Castaldi S, Adu-Bredu S, Arneth A, De Grand-
court A, Grieco E, Kutsch WL, Lehsten V, Rasile A (2009) An 
outlook on the sub-Saharan Africa carbon balance. Biogeo-
sciences 6(10):2193–2205

Bonants PJ, Hagenaar-de Weerdt M, Man in’t Veld WA, Baayen RP 
(2000) Molecular characterization of natural hybrids of Phytoph-
thora nicotianae and P. cactorum. Phytopathology 90(8):867–874

Bose T, Hammerbacher A (2023) The first report of Phytophthora mul-
tivesiculata causing back rot of Cymbidium and Ansellia africana 
from South Africa. Plant Dis 107(2):588

Bose T, Burgess TI, Roux J, Wingfield MJ (2017) Phytophthora alti-
cola; revised description based on new collections and a neotype. 
Sydowia 69:161–170

Bose T, Wingfield MJ, Roux J, Vivas M, Burgess TI (2018) Com-
munity composition and distribution of Phytophthora species 
across adjacent native and non-native forests of South Africa. 
Fungal Ecol 36:17–25

Bose T, Hulbert JM, Burgess TI, Paap T, Roets F, Wingfield MJ 
(2021a) Two novel Phytophthora species from the southern tip 
of Africa. Mycol Prog 20(6):755–767

Bose T, Wingfield MJ, Roux J, Vivas M, Burgess TI (2021b) Phy-
tophthora species associated with roots of native and non-
native trees in natural and managed forests. Microb Ecol 
81(1):122–133

Bose T, Hammerbacher A, Jones W, Roux J, Slippers B, Wingfield MJ 
(2023) Hybrid vigour in Eucalyptus increases resistance against 
Phytophthora root-rot. Mycol Prog 22:24

Botha WJ (1993) Root rot of tree lucerne caused by Phytophthora 
nicotianae. Plant Pathol 42(5):824–826

Bradshaw R, Bellgard S, Black A, Burns B, Gerth M, McDougal R, 
Scott P, Waipara N, Weir B, Williams N (2020) Phytophthora 
agathidicida: research progress, cultural perspectives and knowl-
edge gaps in the control and management of kauri dieback in 
New Zealand. Plant Pathol 69(1):3–16

Brasier CM (2000) The rise of the hybrid fungi. Nature 
405(6783):134–135

Brasier CM (2001) Rapid evolution of introduced plant pathogens via 
interspecific hybridization: hybridization is leading to rapid evo-
lution of Dutch elm disease and other fungal plant pathogens. 
Bioscience 51(2):123–133

Brasier CM (2008) The biosecurity threat to the UK and global 
environment from international trade in plants. Plant Pathol 
57(5):792–808

Brasier CM, Griffin M (1979) Taxonomy of ‘Phytophthora 
palmivora’on cocoa. Trans Bri Mycol Soc 72(1):111–143

Brasier CM, Cooke DEL, Duncan J (1999) Origin of a new Phytoph-
thora pathogen through interspecific hybridization. Proc Natl 
Acad Sci 96(10):5878–5883

Brasier CM, Griffin MJ, Ward M, Idowu O, Taylor B, Adedoyin S, 
Adebayo A (1981) Epidemiology of Phytophthora on cocoa 
in Nigeria. Final report of the international cocoa black pod 
research project. Commonwealth Mycological Institute, Kew 
Surrey, England, pp 1–188

Britton KO, White P, Kramer A, Hudler G (2010) A new approach 
to stopping the spread of invasive insects and pathogens: early 

http://creativecommons.org/licenses/by/4.0/


Mycological Progress (2023) 22:78 

1 3

Page 15 of 19 78

detection and rapid response via a global network of sentinel 
plantings. N Z J For Sci 40:109–114

Bumbieris M (1974) Characteristics of two Phytophthora species. Aust 
J Bot 22(4):655–660

Burgess TI (2015) Molecular characterization of natural hybrids 
formed between five related indigenous clade 6 Phytophthora 
species. PLoS One 10(8):e0134225

Burgess TI, Scott JK, Mcdougall KL, Stukely MJ, Crane C, Dunstan 
WA, Brigg F, Andjic V, White D, Rudman T (2017) Current 
and projected global distribution of Phytophthora cinnamomi, 
one of the world’s worst plant pathogens. Glob Chang Biol 
23(4):1661–1674

Català S, Pérez-Sierra A, Abad-Campos P (2015) The use of genus-
specific amplicon pyrosequencing to assess Phytophthora species 
diversity using eDNA from soil and water in northern Spain. 
PLoS One 10(3):e0119311

Català S, Berbegal M, Pérez-Sierra A, Abad-Campos P (2017) 
Metabarcoding and development of new real-time specific 
assays reveal Phytophthora species diversity in holm oak for-
ests in eastern Spain. Plant Pathol 66(1):115–123

Cooke DEL, Drenth A, Duncan JM, Wagels G, Brasier CM (2000) A 
molecular phylogeny of Phytophthora and related oomycetes. 
Fungal Genet Biol 30(1):17–32

Crous PW, Phillips AJL, Baxter AP (2000) Phytopathogenic fungi from 
South Africa. University of Stellenbosch, Department of Plant 
Pathology Press, Stellenbosch, South Africa

Crous PW, Denman S, Taylor JE, Swart L-Z, Palm ME (2004) Cultiva-
tion and diseases of Proteaceae: Leucadendron, Leucospermum 
and Protea. CBS–KNAW Fungal Biodiversity Centre, Utrecht

Dakwa J (1988) A serious outbreak of blackpod disease (mycoses) in a 
marginal area of Ghana. 10th International Cocoa Research Con-
ference. San Domingo (Dominican Republic). 17–23 May 1987

De Bary A (1876) Researches into the nature of the potato-fungus 
(Phytophthora infestans). J R Agric Soc Engl Ser 2(12):717–726

Decloquement J, Ramos-Sobrinho R, Elias SG, Britto DS, Puig AS, 
Reis A, da Silva RAF, Honorato-Júnior J, Luz EDMN, Pinho 
DB, Marelli J-P (2021) Phytophthora theobromicola sp. nov.: a 
new species causing black pod disease on cacao in Brazil. Front 
Microbiol 12:537399

Dennis JJC, Konam JK (1994) Phytophthora palmivora: cultural 
control methods and their relationship to disease epidemiology 
on cocoa in PNG. Proceedings of the 11th International Cocoa 
Research Conference, Cocoa Producers Alliance, London. pp 
953–957

Di Falco S (2014) Adaptation to climate change in sub-Saharan agri-
culture: assessing the evidence and rethinking the drivers. Eur 
Rev Agric Econ 41(3):405–430

Djekpor E, Partiot M, Lucas P (1982) Cacao black pod disease due to 
Phytophthora sp in Togo: determination of species responsible. 
Cafe Cacao 26(2):97–108

Dobrowolski MP, Tommerup I, Blakeman HD, O’Brien PA (2002) 
Non-Mendelian inheritance revealed in a genetic analysis of 
sexual progeny of Phytophthora cinnamomi with microsatellite 
markers. Fungal Genet Biol 35(3):197–212

Doidge EM (1924) A preliminary checklist of plant diseases occurring 
in South Africa. Bot Surv S Afr Mem No. 6:1–56

Doidge EM (1925) Brown rot in citrus fruits (Phythiacystis citrophthora 
(R. and E. Sm.)). J Dep Agric Union S Afr 1920 110:499–503

Doidge EM (1950) The South African fungi and lichens to the end of 
1945. Bothalia 5:1–1094

Doidge EM, Bottomley AM (1931) A revised list of plant diseases 
occurring in South Africa. Mem Bot Surv S Afr 11:1–78

Donald DGM, von Broembsen SL (1977) The control of Phytophthora 
cinnamomi rands in a South African forest nursery. S Afr For J 
100(1):50–55

Drenth A, Guest D (2013) Phytophthora palmivora in tropical tree 
crops. In: Lamour K (ed) Phytophthora: a global perspective, vol 
2. CABI International, United Kingdom, pp 187–196

Drenth A, Sendall B (2001) Practical guide to detection and identi-
fication of Phytophthora, Version 1.0. CRC for Tropical Plant 
Protection, Brisbane, Australia, pp 1–41

Dreyer H (2017) Towards sustainable potato production: partnering to 
support family farmers in Africa. Potato Res 60:237–238

Engelbrecht J, Duong TA, Paap T, Hulbert JM, Hanneman JJ, van den 
Berg N (2022) Population genetic analyses of Phytophthora cin-
namomi reveals three lineages and movement between natural 
vegetation and avocado orchards in South Africa. Phytopathol-
ogy 112(7):1568–1574

Ersek T, English J, Schoelz J (1995) Creation of species hybrids of 
Phytophthora with modified host ranges by zoospore fusion. 
Phytopathology 85(11):1343–1347

Erwin DC, Ribeiro OK (1996) Phytophthora diseases worldwide. 
American Phytopathological Society, St. Paul, Minnesota

Ezekiel R, Singh N, Sharma S, Kaur A (2013) Beneficial phytochemi-
cals in potato-a review. Food Res Int 50(2):487–496

Faedda R, Cacciola SO, Pane A, Szigethy A, Bakonyi J, Man in’t Veld 
Martini WAP, Schena L, di San Lio GM (2013) Phytophthora × 
pelgrandis causes root and collar rot of Lavandula stoechas in 
Italy. Plant Dis 97(8):1091–1096

FAOSTAT (2022) FAO Statistical Database. Available online: https:// 
www. fao. org/ faost at/ en/# data/ QCL. Accessed 24 Feb 2023

Farr DF, Rossman AY (2021) United States National Fungus Collec-
tions Fungus-Host Dataset. Available online: https:// data. nal. 
usda. gov/ datas et/ united- states- natio nal- fungus- colle ctions- fun-
gus- host- datas et. Accessed 20 Aug 2022

Fisher M, Abate T, Lunduka RW, Asnake W, Alemayehu Y, Madulu RB 
(2015) Drought tolerant maize for farmer adaptation to drought 
in sub-Saharan Africa: determinants of adoption in eastern and 
southern Africa. Clim Chang 133(2):283–299

Förster H, Coffey MD (1993) Molecular taxonomy of Phytophthora 
megasperma based on mitochondrial and nuclear DNA polymor-
phisms. Mycol Res 97(9):1101–1112

Fry WE (2016) Phytophthora infestans: new tools (and old ones) lead 
to new understanding and precision management. Ann Rev Phy-
topathol 54:529–547

Fry WE (2020) Phytophthora infestans: the itinerant invader; “late 
blight”: the persistent disease. Phytoparasitica 48(1):87–94

Fry WE, Birch PRJ, Judelson HS, Grünwald NJ, Danies G, Everts KL, 
Gevens AJ, Gugino BK, Johnson DA, Johnson SB, McGrath MT, 
Myers KL, Ristaino JB, Roberts PD, Secor G, Smart CD (2015) 
Five reasons to consider Phytophthora infestans a reemerging 
pathogen. Phytopathology 105(7):966–981

Ghislain M, Byarugaba AA, Magembe E, Njoroge A, Rivera C, Román 
ML, Tovar JC, Gamboa S, Forbes GA, Kreuze JF, Barekye A, 
Kiggundu A (2019) Stacking three late blight resistance genes 
from wild species directly into African highland potato varie-
ties confers complete field resistance to local blight races. Plant 
Biotechnol J 17(6):1119–1129

Gildemacher PR, Kaguongo W, Ortiz O, Tesfaye A, Woldegiorgis G, 
Wagoire WW, Kakuhenzire R, Kinyae PM, Nyongesa M, Struik 
PC (2009) Improving potato production in Kenya, Uganda and 
Ethiopia: a system diagnosis. Potato Res 52:173–205

Gorter GJMA (1977) Index of plant pathogens and the diseases they 
cause in cultivated plants in South Africa. Rep S Afr Dep Agric 
Tech Serv Plant Protect Res Inst Sci Bull 392:1–177

Goss EM, Tabima JF, Cooke DEL, Restrepo S, Fry WE, Forbes 
GA, Fieland VJ, Cardenas M, Grünwald NJ (2014) The Irish 
potato famine pathogen Phytophthora infestans originated 
in Central Mexico rather than the Andes. Proc Natl Acad Sci 
111(24):8791–8796

https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://data.nal.usda.gov/dataset/united-states-national-fungus-collections-fungus-host-dataset
https://data.nal.usda.gov/dataset/united-states-national-fungus-collections-fungus-host-dataset
https://data.nal.usda.gov/dataset/united-states-national-fungus-collections-fungus-host-dataset


 Mycological Progress (2023) 22:78

1 3

78 Page 16 of 19

Grünwald NJ, Garbelotto M, Goss EM, Heungens K, Prospero S (2012) 
Emergence of the sudden oak death pathogen Phytophthora 
ramorum. Trends Microbiol 20(3):131–138

Guest D (2007) Black pod: diverse pathogens with a global impact on 
cocoa yield. Phytopathology 97(12):1650–1653

Hansen EM, Reeser PW, Sutton W (2012) Phytophthora beyond agri-
culture. Ann Rev Phytopathol 50(1):359–378

Haverkort AJ, Struik P, Visser R, Jacobsen E (2009) Applied biotech-
nology to combat late blight in potato caused by Phytophthora 
infestans. Potato Res 52:249–264

Haverkort A, Franke A, Engelbrecht FA, Steyn JM (2013) Climate 
change and potato production in contrasting South African agro-
ecosystems 1. Effects on land and water use efficiencies. Potato 
Res 56:31–50

Hector J, Loest F (1937) Preliminary note on brown-rot gummosis of 
citrus in the Eastern cape. S Afr J Sci 33:643–644

Holmes KA, Evans HC, Wayne S, Smith J (2003) Irvingia, a forest host 
of the cocoa black-pod pathogen, Phytophthora megakarya, in 
Cameroon. Plant Pathol 52:486–490

Hüberli D, Tommerup IC, Hardy GESJ (2000) False-negative isola-
tions or absence of lesions may cause mis-diagnosis of diseased 
plants infected with Phytophthora cinnamomi. Australas Plant 
Pathol 29(3):164–169

Hüberli D, Hardy GSJ, White D, Williams N, Burgess TI (2013) Fish-
ing for Phytophthora from Western Australia’s waterways: a dis-
tribution and diversity survey. Australas Plant Pathol 42:251–260

Hulbert J (2016) Citizen science: research experience for all. Veld Flora 
102(2):71

Hulbert JM, Paap T, Burgess TI, Roets F, Wingfield MJ (2019) Botani-
cal gardens provide valuable baseline Phytophthora diversity 
data. Urban For Urban Green 46:126461

Hulbert JM, Hallett RA, Roy HE, Cleary M (2023) Citizen science can 
enhance strategies to detect and manage invasive forest pests and 
pathogens. Front Ecol Evol 11:1113978

Hurtado-Gonzales O, Aragon-Caballero L, Flores-Torres J, Veld WM, 
Lamour K (2009) Molecular comparison of natural hybrids of 
Phytophthora nicotianae and P. cactorum infecting loquat trees 
in Peru and Taiwan. Mycologia 101(4):496–502

Jafari F, Mostowfizadeh-Ghalamfarsa R, Safaiefarahani B, Burgess TI 
(2020) Potential host range of four Phytophthora interspecific 
hybrids from clade 8a. Plant Pathol 69(7):1281–1290

Jones DR, Baker RHA (2007) Introductions of non-native plant pathogens 
into Great Britain, 1970–2004. Plant Pathol 56(5):891–910

Jung T, Burgess TI (2009) Re-evaluation of Phytophthora citricola 
isolates from multiple woody hosts in Europe and North America 
reveals a new species Phytophthora plurivora sp. nov. Persoonia 
22:95–110

Jung T, Blaschke H, Neumann P (1996) Isolation, identification and 
pathogenicity of Phytophthora species from declining oak stands. 
Eur J For Pathol 26(5):253–272

Jung T, Stukely M, Hardy GSJ, White D, Paap T, Dunstan W, Burgess 
T (2011) Multiple new Phytophthora species from ITS clade 6 
associated with natural ecosystems in Australia: evolutionary and 
ecological implications. Persoonia 26:13–39

Jung T, Orlikowski L, Henricot B, Abad-Campos P, Aday A, Aguín 
Casal O, Bakonyi J, Cacciola S, Cech T, Chavarriaga D (2016) 
Widespread Phytophthora infestations in European nurseries put 
forest, semi-natural and horticultural ecosystems at high risk of 
Phytophthora diseases. Forest Pathol 46(2):134–163

Jung T, Scanu B, Brasier CM, Webber J, Milenković I, Corcobado T, 
Tomšovský M, Pánek M, Bakonyi J, Maia C, Bačová A, Raco 
M, Rees H, Pérez-Sierra A, Horta Jung M (2020) A survey in 
natural forest ecosystems of Vietnam reveals high diversity of 
both new and described Phytophthora taxa including P. ramo-
rum. Forests 11(1):93

Kamoun S, Furzer O, Jones JD, Judelson HS, Ali GS, Dalio RJ, Roy 
SG, Schena L, Zambounis A, Panabières F (2015) The top 10 
oomycete pathogens in molecular plant pathology. Mol Plant 
Pathol 16(4):413–434

Knox-Davies PS (1975) Decline disease of silver trees and other indig-
enous species. Veld Flora 61(2):20–21

Ko W (1979) Mating-type distribution of Phytophthora colocasiae on 
the island of Hawaii. Mycologia 71(2):434–437

Ko W, Chang M, Su H (1978) Isolates of Phytophthora cinnamomi 
from Taiwan as evidence for an Asian origin of the species. Trans 
Br Mycol Soc 71(3):496–499

Kotir JH (2011) Climate change and variability in sub-Saharan Africa: 
a review of current and future trends and impacts on agriculture 
and food security. Environ Dev Sustain 13(3):587–605

Langenhoven SD, Halleen F, Spies CF, Stempien E, Mostert L (2018) 
Detection and quantification of black foot and crown and root 
rot pathogens in grapevine nursery soils in the Western cape 
of South Africa. Phytopathologia Mediterranea 57(3):519–537

Linde C, Kemp GHJ, Wingfield MJ (1994a) Diseases of pines and 
eucalypts in South Africa associated with Pythium and Phy-
tophthora species. S Afr For J 169(1):25–32

Linde C, Kemp GHJ, Wingfield MJ (1994b) Pythium and Phytoph-
thora species associated with eucalypts and pines in South 
Africa. Eur J For Pathol 24(6–7):345–356

Linde C, Drenth A, Kemp GHJ, Wingfield MJ, Von Broembsen SL 
(1997) Population structure of Phytophthora cinnamomi in 
South Africa. Phytopathology 87(8):822–827

Lübbe WA, Geldenhuys CJ (1990) Decline and mortality of Ocotea bul-
lata trees in the Southern cape forests. S Afr For J 154(1):7–14

Lübbe WA, Mostert GP (1991) Rate of Ocotea bullata decline in asso-
ciation with Phytophthora cinnamomi at three study sites in the 
southern cape indigenous forests. S Afr For J 159(1):17–24

Luterbacher M, Akrofi A (1993) The current status and distribution of 
Phytophthora megakarya in Ghana. Proceedings of 11th Inter-
national Cocoa Research Conference, pp 29–35

Mall RK, Gupta A, Sonkar G (2017) 2 - Effect of climate change on 
agricultural crops. In: Dubey SK, Pandey A, Sangwan RS (eds) 
Current Developments in Biotechnology and Bioengineering. 
Elsevier, pp 23–46

Man in’t Veld WA, Veenbaas-Rijks WJ, Ilieva E, de Cock AW, Bonants 
PJ, Pieters R (1998) Natural hybrids of Phytophthora nicotianae 
and Phytophthora cactorum demonstrated by isozyme analy-
sis and random amplified polymorphic DNA. Phytopathology 
88(9):922–929

Man in’t Veld WA, de Cock AW, Summerbell RC (2007) Natural 
hybrids of resident and introduced Phytophthora species pro-
liferating on multiple new hosts. Eur J Plant Pathol 117:25–33

Man in’t Veld WA, Rosendahl KC, Hong C (2012) Phytophthora ×ser-
endipita sp. nov. and P. ×pelgrandis, two destructive pathogens 
generated by natural hybridization. Mycologia 104(6):1390–1396

Marais P (1979) Fungi associated with root rot in vineyards in the 
Western cape. Phytophylactica 11(2):65–68

Marais P (1980) Fungi associated with decline and death of nursery grape-
vines in the Western cape. Phytophylactica 12(1):9–13

Marcot BG, Scott P, Burgess TI (2023) Multivariate bayesian analysis 
to predict invasiveness of Phytophthora pathogens. Ecosphere 
14(6):e4573

Maseko B, Burgess TI, Coutinho TA, Wingfield MJ (2001) First report 
of Phytophthora nicotianae associated with Eucalyptus die–back 
in South Africa. Plant Pathol 50(3):413–413

Maseko B, Coutinho TA, van Staden J (2002) Pathogenicity of Phy-
tophthora and Pythium species associated with citrus root rot in 
South Africa. S Afr J Bot 68(3):327–332



Mycological Progress (2023) 22:78 

1 3

Page 17 of 19 78

Maseko B, Burgess TI, Coutinho TA, Wingfield MJ (2007) Two new 
Phytophthora species from South African Eucalyptus planta-
tions. Mycol Res 111(11):1321–1338

Mbaka J, Losenge T, Waiganjo M, Wamocho L (2010) Phenotypic vari-
ation in three Phytophthora cinnamomi populations from maca-
damia growing areas in Kenya. J Anim Plant Sci 8(1):900–911

McLeod A, Coertze S (2006) First report of Phytophthora infestans on 
Petunia × hybrida in South Africa. Plant Dis 90(12):1550–1550

McLeod A, Coertze S (2007) First report of Phytophthora cryptogea on 
Osteospermum spp South Africa. Plant Dis 91(3):322

Meitz JC, Linde CC, Thompson A, Langenhoven S, McLeod A (2010) 
Phytophthora capsici on vegetable hosts in South Africa: distri-
bution, host range and genetic diversity. Australas Plant Pathol 
39(5):431–439

Meitz-Hopkins J, Pretorius M, Spies CFJ, Huisman L, Botha W, Lan-
genhoven S, McLeod A (2014) Phytophthora species distribution 
in South African citrus production regions. Eur J Plant Pathol 
138(4):733–749

Mes MG (1934) A wilt of snapdragon (Antirrhinum majus) in South 
Africa. S Afr J Sci 31(07):281–287

Migliorini D, Khdiar MY, Padrón CR, Vivas M, Barber PA, Hardy 
GESJ, Burgess TI (2019) Extending the host range of Phytoph-
thora multivora, a pathogen of woody plants in horticulture, 
nurseries, urban environments and natural ecosystems. Urban 
For Urban Green 46:126460

Mills SD, Förster H, Coffey MD (1991) Taxonomic structure of Phy-
tophthora cryptogea and P. drechsleri based on isozyme and 
mitochondrial DNA analyses. Mycol Res 95(1):31–48

Mitchell RG, Steenkamp ET, Coutinho TA, Wingfield MJ (2011) The 
pitch canker fungus, Fusarium circinatum: implications for South 
African forestry. South For 73(1):1–13

Mitchell RG, Coutinho TA, Steenkamp E, Herbert M, Wingfield MJ 
(2012) Future outlook for Pinus patula in South Africa in the 
presence of the pitch canker fungus (Fusarium circinatum). 
South For 74(4):203–210

Miyasaka SC, Lamour K, Shintaku M, Shrestha S, Uchida J (2013) 
Taro leaf blight caused by Phytophthora colocasiae. In: Lamour 
K (ed) Phytophthora: a global perspective. CABI Wallingford 
UK, pp 104–112

Moralejo E, Pérez-Sierra AM, Álvarez LA, Belbahri L, Lefort F, Des-
cals E (2009) Multiple alien Phytophthora taxa discovered on 
diseased ornamental plants in Spain. Plant Pathol 58(1):100–110

Mounde L, Ateka E, Kihurani A, Wasilwa L (2012) Morphological 
characterization and identification of Phytophthora species 
causing citrus gummosis in Kenya. Afr J Food Agric Nutr Dev 
12(7):7072–7087

Nagel JH (2013) Species of Phytophthora associated with a native eco-
system in Gauteng. University of Pretoria, Pretoria, South Africa

Nagel JH, Slippers B, Wingfield MJ, Gryzenhout M (2015) Multiple 
Phytophthora species associated with a single riparian ecosystem 
in South Africa. Mycologia 107(5):915–925

Nagel JH, Gryzenhout M, Slippers B, Wingfield MJ (2013a) The occur-
rence and impact of Phytophthora on the African continent In: 
Lamour K (ed) Phytophthora: a global perspective, vol 2. CABI 
International, United Kingdom, pp 204–214

Nagel JH, Gryzenhout M, Slippers B, Wingfield MJ, Hardy GESJ, 
Stukely MJ, Burgess TI (2013b) Characterization of Phytoph-
thora hybrids from ITS clade 6 associated with riparian ecosys-
tems in South Africa and Australia. Fungal Biol 117(5):329–347

Ndo EGD, Ndoumbe-Nkeng M, Cilas C (2019) Distribution of Pseu-
docercospora fruit and leaf spot, Phytophthora foot rot and scab 
diseases and their effect on citrus tree decline prevalence in the 
humid zones of Cameroon. Fruits 74(5):249–256

Nesamari R, Coutinho TA, Roux J (2017) Investigations into 
Encephalartos insect pests and diseases in South Africa and 

identification of Phytophthora cinnamomi as a pathogen of the 
modjadji cycad. Plant Pathol 66(4):612–622

Niang I, Ruppel OC, Abdrabo MA, Essel A, Lennard C, Padgham J, 
Urquhart P (2014) Africa. Climate change 2014: impacts, adapta-
tion, and vulnerability. Part B: regional aspects. Contribution of 
Working Group II to the Fifth Assessment Report of the inter-
governmental panel on climate Change–1266

Nirenberg HI, Gerlach WF, Grafenhan T (2009) Phytophthora × pel-
grandis, a new natural hybrid pathogenic to Pelargonium gran-
diflorum hort. Mycologia 101(2):220–231

Njoroge AW, Tusiime G, Forbes G, Yuen J (2016) Displacement of 
US-1 clonal lineage by a new lineage of Phytophthora infestans 
on potato in Kenya and Uganda. Plant Pathol 65(4):587–592

Njoroge AW, Andersson B, Lees AK, Mutai C, Forbes GA, Yuen JE, 
Pelle R (2019) Genotyping of Phytophthora infestans in eastern 
Africa reveals a dominating invasive European lineage. Phyto-
pathology 109(4):670–680

Nnadi NE, Datiri AM, Pam DB, Ngene AC, Okonkwo FO, Sullivan L, 
Cooke DEL (2019) First report of the eu_33_a2 clonal lineage 
of Phytophthora infestans causing late blight disease of potato 
in Nigeria. New Dis Rep 40(1):20

Nobbs E (1903) Potato diseases. Agric J Cape Good Hope 22:25–29
Nyassé S, Grivet L, Risterucci A-M, Blaha G, Berry D, Lanaud C, 

Despréaux D (1999) Diversity of Phytophthora megakarya in 
central and West Africa revealed by isozyme and RAPD markers. 
Mycol Res 103(10):1225–1234

OECD (2016) Agriculture in sub-Saharan Africa: prospects and chal-
lenges for the next decade. https:// doi. org/ 10. 1787/ agr_ outlo 
ok- 2016-5- en

Oh E, Wingfield BD, Wingfield M, Roux J (2011) First report of Phytoph-
thora cinnamomi associated with stem cankers of Quercus cerris in 
South Africa. New Dis Rep 24:11

Oh E, Gryzenhout M, Wingfield BD, Wingfield MJ, Burgess TI (2013) 
Surveys of soil and water reveal a goldmine of Phytophthora 
diversity in South African natural ecosystems. IMA Fungus 
4(1):123–131

Oladimeji JJ, Kumar PL, Abe A, Vetukuri RR, Bhattacharjee R (2022) 
Taro in West Africa: status, challenges, and opportunities. 
Agronomy 12(9):2094

Onyeka J (2014) Status of cocoyam (Colocasia esculenta and Xantho-
soma spp.) in West and Central Africa: production, household 
importance and the threat from leaf blight. CGIAR Research 
Program on Roots, Tubers and Bananas (RTB):1–39

Opoku I, Appiah A, Akrofi A, Owusu G (2000) Phytophthora mega-
karya: a potential threat to the cocoa industry in Ghana. Ghana 
J Agric Sci 33(2):237–248

Opoku IY, Akrofi AY, Appiah AA (2002) Shade trees are alternative 
hosts of the cocoa pathogen Phytophthora megakarya. Crop Pro-
tection 21(8):629–634

Oudemans P, Coffey MD (1991) Isozyme comparison within and 
among worldwide sources of three morphologically distinct spe-
cies of Phytophthora. Mycol Res 95(1):19–30

Paap T, Burgess TI, Wingfield MJ (2017) Urban trees: bridge-heads 
for forest pest invasions and sentinels for early detection. Biol 
Invasions 19(12):3515–3526

Paap T, Nndanduleni M, Wingfield M (2023) A critically endangered 
Proteaceae in the Cape Floristic Region threatened by an inva-
sive pathogen. Biodiversity & Conservation (Bothalia) 53 (1): 
https:// doi. org/ 10. 38201/ btha. abc. v53. i1.6

Pereira L (2017) Climate change impacts on agriculture across Africa. 
Oxford Research Encyclopedia of Environmental Science, pp 
1–30

Pretorius M (2019) High quality propagation material: the foundation 
of a sustainable and successful citrus industry. Paper presented at 
the Soilborne Plant Diseases Symposium 2019 - Soilborne Plant 

https://doi.org/10.1787/agr_outlook-2016-5-en
https://doi.org/10.1787/agr_outlook-2016-5-en
https://doi.org/10.38201/btha.abc.v53.i1.6


 Mycological Progress (2023) 22:78

1 3

78 Page 18 of 19

Material and Soilborne Plant Diseases, ARC-PHP Vredenburg, Stel-
lenbosch, South Africa, 18–19 September 2019

Puig AS, Ali S, Strem M, Sicher R, Gutierrez OA, Bailey BA (2018) 
The differential influence of temperature on Phytophthora mega-
karya and Phytophthora palmivora pod lesion expansion, myce-
lia growth, gene expression, and metabolite profiles. Physiol Mol 
Plant Pathol 102:95–112

Pule B, Meitz JC, Thompson A, Linde C, Fry W, Langenhoven S, Mey-
ers K, Kandolo D, Van Rij N, McLeod A (2013) Phytophthora 
infestans populations in central, eastern and southern African 
countries consist of two major clonal lineages. Plant Pathol 
62(1):154–165

Raciborski M (1900) Parasitic algae and fungi, Java. Batavia Bulletin 
of the New York State Museum 19:189

Reeser PW, Sutton W, Hansen EM, Remigi P, Adams GC (2011) Phy-
tophthora species in forest streams in Oregon and Alaska. Myco-
logia 103(1):22–35

Reichard SH, White P (2001) Horticulture as a pathway of invasive 
plant introductions in the United States: most invasive plants 
have been introduced for horticultural use by nurseries, botanical 
gardens, and individuals. Bioscience 51(2):103–113

Ribeiro OK (2013) A historical perspective of Phytophthora. 
In:Lamour K (ed) Phytophthora: a global perspective, vol 2. 
CABI International, United Kingdom, pp 1–10

Ristaino JB (2002) Tracking historic migrations of the Irish potato 
famine pathogen Phytophthora infestans. Microbes Infect 
4(13):1369–1377

Risterucci A-M, Paulin D, Ducamp M, N’Goran JA, Lanaud C (2003) 
Identification of QTLs related to cocoa resistance to three species 
of Phytophthora. Theor Appl Gen 108:168–174

Rizzo DM, Garbelotto M (2003) Sudden oak death: endangering 
California and Oregon forest ecosystems. Front Ecol Environ 
1(4):197–204

Roux J, Wingfield MJ (1997) Survey and virulence of fungi occurring 
on diseased Acacia mearnsii in South Africa. For Ecol Manag 
99(3):327–336

Roux J, Kemp G, Wingfield MJ (1995) Diseases of black wattle in 
South Africa—a review. S Afr For J 174(1):35–40

Roux J, Meke G, Kanyi B, Mwangi L, Mbaga A, Hunter G, Nakabonge 
G, Heath R, Wingfield MJ (2005) Diseases of plantation forestry 
trees in eastern and southern Africa: review article. S Afr J Sci 
101(9 & 10):409–413

Roux J, Hurley BP, Wingfield MJ (2012) Disease and pests of euca-
lypts, pine and wattle. In: South African Forestry Handbook. 
The South African Institute of Forestry, Pretoria, South Africa, 
pp 303–335

Santini A, Liebhold A, Migliorini D, Woodward S (2018) Tracing the 
role of human civilization in the globalization of plant pathogens. 
ISME J 12(3):647–652

Saville AC, Ristaino JB (2021) Global historic pandemics caused by 
the FAM–1 genotype of Phytophthora infestans on six conti-
nents. Sci Rep 11(1):12335

Schutte GC, Botha WJ (2010) Phytophthora citrophthora trunk and 
branch canker on Clementine mandarins in the Western cape 
province of South Africa. S Afr J Plant Soil 27(3):215–220

Scott PM, Burgess TI, Barber PA, Shearer BL, Stukely MJC, Hardy 
GESJ, Jung T (2009) Phytophthora multivora sp. nov., a new 
species recovered from declining Eucalyptus, Banksia, Agonis 
and other plant species in Western Australia. Persoonia 22:1–13

Scott PM, Burgess TI, Hardy GESJ (2013) Globalization and Phytoph-
thora. In: Lamour K (ed) Phytophthora: a global perspective, vol 
2. CABI International, United Kingdom, pp 226–232

Seidl Johnson AC, Gevens AJ (2014) Investigating the host range of 
the US-22, US-23, and US-24 clonal lineages of Phytophthora 
infestans on solanaceous cultivated plants and weeds. Plant Dis 
98(6):754–760

Shrestha S, Hu J, Fryxell RT, Mudge J, Lamour K (2014) SNP markers 
identify widely distributed clonal lineages of Phytophthora colo-
casiae in Vietnam, Hawaii and Hainan Island, China. Mycologia 
106:676–685

Sparks AH, Forbes GA, Hijmans RJ, Garrett KA (2014) Climate 
change may have limited effect on global risk of potato late 
blight. Glob Chang Biol 20(12):3621–3631

Spies CFJ, Mazzola M, McLeod A (2011) Characterisation and detec-
tion of Pythium and Phytophthora species associated with grape-
vines in South Africa. Eur J Plant Pathol 131(1):103–119

Stamler RA, Sanogo S, Goldberg NP, Randall JJ (2016) Phytophthora 
species in rivers and streams of the Southwestern United States. 
Appl Environ Microbiol 82(15):4696–4704

Teixeira M (2021) High risk of Black Pod in West African cocoa Cli-
mate42 consultancy. Reuters, New York

Thompson AH (1981) Phytophthora finger-rot, a post-harvest disease 
of banana in South Africa. Phytophylactica 13:161–163

Thompson AH (1987) Phytophthora root rot of lucerne in the Trans-
vaal, South Africa. Phytophylactica 19:319–322

Thompson AH, Naudé SP (1992) Report of Phytophthora crown rot 
of baby’s breath (Gypsophila paniculata) from South Africa. 
Phytophylactica 24:349–350

Thompson AH, Phillips A (1988) Root rot of cabbage caused by Phy-
tophthora drechsleri. Plant Pathol 37(2):297–299

Thompson AH, Botha W, Uys M (1994) Phytophthora capsici 
(Oomycota: Fungi), a first report from South Africa. S Afr J Bot 
60(5):257–260

Thompson AH, Phillips AJL, Nel E (1995) Phytophthora and Pythium 
associated with feeder root rot of citrus in the Transvaal Province 
of South Africa. J Phytopathol 143:37–41

Tsao PH, Guy SO (1977) Inhibition of Mortierella and Pythium in a 
Phytophthora isolation medium containing hymexazol. Phyto-
pathology 67(6):796–801

Tsao PH, Ocana G (1969) Selective isolation of species of Phytoph-
thora from natural soils on an improved antibiotic medium. 
Nature 223(5206):636–638

Tsykun T, Prospero S, Schoebel CN, Rea A, Burgess TI (2022) Global 
invasion history of the emerging plant pathogen Phytophthora 
multivora. BMC Genomics 23(1):153

Tyson JL, Fullerton RA (2007) Mating types of Phytophthora coloca-
siae from the Pacific region, India and South-East Asia. Australas 
Plant Dis Notes 2(1):111–112

USDA ARS (2023) Germplasm resources information network (GRIN) 
Beltsville, USA: Ag Data Commons. https:// doi. org/ 10. 15482/ 
USDA. ADC/ 12123 93.

Van der Merwe J, Van Wyk P (1973) Hosts of Phytophthora cinnamomi 
in the Western Cape Province of South Africa. Plant Dis Report 
57:1005–1006

Van der Merwe J, Joubert D, Matthee F (1972) Phytophthora cinnam-
omi root rot of grape–vines in the western cape. Phytophylactica 
4:133–136

van der Waals JE, Krüger K (2020) Emerging potato pathogens affect-
ing food security in southern Africa: recent research. S Afr J Sci 
116(11–12):1–7

van Wyk PS (1973a) Funguspatogene van die genera Protea, Leucaden-
dron en Leucospermum met spesiale verwysing na Phytophthora 
cinnamomi. PhD thesis, University of Stellenbosch, Stellenbosch

Van Wyk P (1973b) Root and crown rot of silver trees. J S Afr Bot 
39:255–260

Venette RC, Cohen SD (2006) Potential climatic suitability for 
establishment of Phytophthora ramorum within the contigu-
ous United States. For Ecol Manag 231(1–3):18–26

Viljoen A, Wingfield MJ, Marasas W (1994) First report of Fusarium 
subglutinans f. sp. pini on pine seedlings in South Africa. Plant 
Dis 78(3):309–312

https://doi.org/10.15482/USDA.ADC/1212393
https://doi.org/10.15482/USDA.ADC/1212393


Mycological Progress (2023) 22:78 

1 3

Page 19 of 19 78

Von Broembsen SL (1984a) Occurrence of Phytophthora cinnamomi 
on indigenous and exotic hosts in South Africa, with special 
reference to the South-Western Cape Province. Phytophylactica 
16:221–225

Von Broembsen SL (1984b) Distribution of Phytophthora cinnamomi 
in rivers of the south-western Cape Province. Phytophylactica 
16(3):227–230

Von Broembsen SL, Brits G (1985) Phytophthora root rot of commer-
cially cultivated proteas in South Africa. Plant Dis 69(3):211–213

Von Broembsen SL, Kruger FJ (1985) Phytophthora cinnamomi associ-
ated with mortality of native vegetation in South Africa. Plant 
Dis 69(8):715–717

Von Maltitz PM, Von Broembsen SL (1983) Phytophthora porri on 
onions in South Africa. Plant Dis 68:732

Von Maltitz PM, Von Broembsen SL (1985) Lemon shoot tip blight 
caused by Phytophthora citricola in propagation tunnel. Phyto-
phylactica 17:47–48

Von Broembsen SL, Lübbe WA, Geldenhuys CJ (1986) Phytophthora 
cinnamomi associated with decline of stinkwood (Ocotea bul-
lata) in southern cape indigenous forests. Phytophylactica 18:44

Wager VA (1931) Diseases of plants in South Africa due to members 
of the Pythiaceae. Union of South Africa Department of Agri-
culture Science Bulletin 105:1–43

Wager VA (1935) Brown rot of tomato fruits due to Phytophthora 
parasitica dast. S Afr J Sci 32:235–237

Wager VA (1941) Descriptions of the South African Pythiaceae with 
records of their occurrence. Bothalia 4:3–35

Weir BS, Paderes EP, Anand N, Uchida JY, Pennycook SR, Bellgard 
SE, Beever RE (2015) A taxonomic revision of Phytophthora 
clade 5 including two new species, Phytophthora agathidicida 
and P. cocois. Phytotaxa 205(1):21–38

Whiteman A, Lebedys A (2006) The contribution of the forestry sector 
to African economies. Int For Rev 8(1):31–43

Wijers EE (1937) Phytophthora wilt in carnation plants. S Afr J Sci 
34(11):194–213

Wingfield MJ, Knox-Davies P (1980) Observations on diseases in 
pine and eucalyptus plantations in South Africa. Phytophylac-
tica 12(2):57–63

Wingfield MJ, Swart WJ (1994) Integrated management of forest tree 
diseases in South Africa. For Ecol Manag 65(1):11–16

Wingfield MJ, Roux J, Coutinho T, Govender P, Wingfield BD 
(2001a) Plantation disease and pest management in the next 
century. South Afr For J 2001(190):67–72

Wingfield MJ, Slippers B, Roux J, Wingfield BD (2001b) Worldwide 
movement of exotic forest fungi, especially in the tropics and the 
southern hemisphere. Bioscience 51(2):134–140

Wingfield MJ, Roux J, Slippers B, Hurley BP, Garnas J, Myburg AA, 
Wingfield BD (2013) Established and new technologies reduce 
increasing pest and pathogen threats to eucalypt plantations. For 
Ecol Manag 301:35–42

Wondafrash M, Wingfield MJ, Wilson JR, Hurley BP, Slippers B, Paap 
T (2021) Botanical gardens as key resources and hazards for 
biosecurity. Biodivers Conserv 30(7):1929–1946

Yang X, Richardson PA, Hong C (2014) Phytophthora × stagnum 
nothosp. nov., a new hybrid from irrigation reservoirs at orna-
mental plant nurseries in Virginia. PLoS One 9(7):e103450

Yoshida K, Schuenemann VJ, Cano LM, Pais M, Mishra B, Sharma R, 
Lanz C, Martin FN, Kamoun S, Krause J, Thines M, Weigel D, 
Burbano HA (2013) The rise and fall of the Phytophthora infestans 
lineage that triggered the Irish potato famine. Elife 2:e00731

Zeijlemaker FCJ (1971) Black-butt disease of black wattle caused by Phy-
tophthora nicotianae var. parasitica. Phytopathology 61(2):144–145

Zeijlemaker FCJ, Margot P (1970) Black-butt disease of black wattle. 
Rep Wattle Res Inst Univ Natal 1971:49–50

Zeiljemaker FCJ (1967) The gummosis of black wattle: a complex of 
disease. In: Wattle Research Institute (Pietermaritzburg, South 
Africa) Report. 68: 40–43

Zhang K, Zheng F, Li Y, Ann P, Ko W (1994) Isolates of Phytophthora 
colocasiae from Hainan Island in China: evidence suggesting an 
Asian origin of this species. Mycologia 86(1):108–112

Zobel BJ, Gv Wyk, Stahl P (1987) Growing exotic forests. John Wiley 
& Sons, New York, USA

Zwolinski J, Bayley A (2001) Research on planting stock and forest 
regeneration in South Africa. New For 22(1–2):59–74

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Phytophthora: an underestimated threat to agriculture, forestry, and natural ecosystems in sub-Saharan Africa
	Abstract
	Introduction
	Acquisition of Phytophthora distribution data for sub-Saharan Africa
	Vegetable crops
	Late blight of potatoes
	Taro leaf blight

	Fruit crops
	Root rot and dieback of avocado
	Black pod disease of cacao
	Phytophthora diseases of citrus

	Plantation forestry
	Natural woodlands and veld
	Botanical gardens
	Plant nurseries
	Aquatic ecosystems
	How can we bridge the current knowledge gaps?
	Conclusions
	Anchor 19
	Acknowledgements 
	References


