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ABSTRACT

The genus Phytopythium is a relatively new group of organisms distinguished from the Pythium genus. These are or-
ganisms closely related to Pythium and Phytophthora, with similar structure and biology. Despite many similarities,
this genus is characterised by several morphological features that allow it to be easily identified. Until now, more than
20 species belong to this genus, most of which are saprophytic organisms. However, there is also a group of species
particularly dangerous to plants. These species include, among others, Pp. litorale, Pp. helicoides and Pp. vexans.
The purpose of this work was to collect information about these organisms and present them in a condensed form.
The study contains basic information about the history of the type of separation, differences in morphology distinc-
tive genus of Phytopythium, Phytophthora and Pythium and information about diseases and host plants. Information

is also provided on the potential threat posed by these organisms to forest ecosystems.
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INTRODUCTION

Initially, Phytopythium was combined with closely re-
lated species belonging to the genus Pythium, which
was first described in 1858 by the German botanist
Nathanael Pringsheim (Pringsheim 1858). Species be-
longing to the genus Pythium have been classified as
dangerous plant pathogens causing rotting of various
parts of the plant (e.g. fruits, roots). Research related to
the importance of this genus has developed very quick-
ly, which makes it possible to get to know more and
more species (Lévesque and de Cock 2004; Broders et
al. 2009; Karaca et al. 2009; Senda et al. 2009; Bala et
al. 2010; Uzuhashi et al. 2010). Lévesque and de Cock

(2004) divided this type into 11 clades, based on mo-
lecular studies. The clades are well supported by mor-
phological features. The Pythium genus is character-
ised by well-developed mycelium and a specific way
of releasing spores (zoospores). Zoospores are released
from sporangia in the form of undifferentiated proto-
plasm, followed by the process of differentiation of
individual spores beyond sporangium (Marano et al.
2014). This method of releasing zoospores is similar
for all species belonging to the genera Pythium, Pythi-
ogeton and Lagenidium, which differ from each other
by other morphological characteristics. In turn, spe-
cies belonging to the genus Pythium differ in e.g. the
shape of sporangia, which seems to be significant from
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the point of view of evolution. For this type, one can
distinguish several different shapes of sporangia from
filamentous to round with an expanding base (van der
Plaats-Niterink 1981). In their studies, Uzuhashi et al.
(2010) confirm that the Pythium type really consists of
five different groups, each of which is characterised
by a special and unique type of sporangium. On this
basis, a new division was proposed: Pythium, Ova-
tisporangium, Globisporangium, Elongisporangium
and Pilasporangium. Analysis of rDNA and mtDNA
(COI) regions showed that clade within Pythium (Py-
thium clade K; Lévesque and de Cock 2004), which
has previously been separated and included in the ge-
nus Ovatisporangium (clade 1 z; Uzuhashi et al. 2010),
in fact, is more closely related to Phytophthora than to
the type of Pythium (Bala et al. 2010; Uzuhashi et al.
2010; Robideau et al. 2011). Ultimately, however, the
name Ovatisporangium became a synonym for Phyto-
pythium (de Cock et al. 2015).

To sum up the genesis of the genus Phytopythi-
um, it is a relatively young genus distinguished from
the Pythium genus (Bala et al. 2010; Rai et al. 2020).
This genus is strongly associated with the freshwater
environment, where many of its representatives can
be found (Nam and Choi 2019; Resekar et al. 2019).
Some of Phytopythium species are plant pathogens de-
veloping in moist habitats, e.g. Pp. helicoides, which
spread through water, develop in the soil and infect
plant roots. These organisms are considered to be par-
ticularly important in agricultural production (Baten
et al. 2014). To date, more than 20 species have been
described, including Pp. sindhum, Pp. helicoides or
Pp. citrinum.

THE IMPORTANCE OF PHYTOPYTHIUM IN AGRICULTURE
AND HORTICULTURE

Although a large part of the species belonging to the ge-
nus Phytopythium is considered saprophytic (water and
soil) organisms, it is also possible to distinguish among
the group of dangerous plant pathogens such as Pp. lito-
rale (pumpkin fruit rot), Pp. helicoides (root rot and the
stems of many plants) and Pp. vexans (root rot of many
plants including kiwi) (Javadi and Sharifnabi 2016;
Afandi et al. 2018; Prencipe et al. 2020). In 2011, Yang
et al. (2013) described disecase symptoms on begonia

(Begonia x semperflorens-cultorum cv. Vodka Dark
Red) plants. Infected leaves, blackened rotting roots and
stems and, as a consequence, the dieback of entire plants
were observed even on the surface of nearly 80% of the
crop. From infected tissues, Pp. helicoides was isolated.
In the USA, Radmer et al. (2017) conducted research
on the cause of soya bean death. From the 12 fields on
which soya bean was grown, samples were taken for mo-
lecular identification. The study showed the presence of
various species from the genera Phytophthora, Pythium
and Phytopythium. For each of the groups, pathogenic-
ity tests on soya beans were also carried out. Pp. litorale
turned out to be a pathogenic species in relation to soya
bean. Radmer et al. (2017) also showed that increasing
the temperature at which infected seeds were incubated
from 15°C to 25°C significantly increased the damage
caused by Pp. litorale. Also in China, research related
to the activity of pathogens from the genus Phytopy-
thium was carried out. In 2010-2012, the dieback of
the kiwi plant (Actinidia chinensis) in orchards was
observed. Initial symptoms include necrosis on the leaf
edges and leaf curling, which led to the weakening of
the entire plant (Wang et al. 2015). In infected plants,
dark necrotic spots on the roots and the root collar were
also observed. Wang et al. (2015) from necrotic spots
isolated Pp. helicoides. Similar symptoms (root rot, root
collar and dark discoloration) as well as fruit rot were
also observed on kiwifruit in Turkey (Polat et al. 2017).
The dying region included up to 20% of the entire area
on which the breeding was carried out. From infected
fruit, Pp. vexans was isolated.

COMPARISON OF PHYTOPYTHIUM WITH
PHYTOPHTHORA AND PYTHIUM

During further detailed molecular studies on the divi-
sion of the Pythium genus, particular attention was paid
to the K clade, which based on phylogenetic analysis
showed a very high affinity between Pythium and Phy-
tophthora (Lévesque and de Cock 2004). Briard et al.
(1995) and Cooke et al. (2000), based on the ribosomal
large subunit and internal transcribed spacer (ITS),
showed that P. vexans is significantly different from
other species belonging to both Pythium and Phytoph-
thora. In other studies, Villa et al. (2006) proved that
species belonging to clade K were in fact closer to the
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type of Phytophthora. The specific nature of the K clade
has also been confirmed by Bedard et al. (2006) through
analysis of the organisation of the 5S gene family. In
species in clade K, the 5S rRNA genes were predomi-
nantly linked to the rDNA repeat mostly in tandem ar-
rays in the same orientation as the rRNA genes. As a re-
sult of the differences discussed above in the phyloge-
netic tree proposed by Villa et al. (2006), by the analysis
that was based on sequences of ITS region rDNA and
the cytochrome oxidase II and B-tubulin genes, the K
clade so far belonging to the Pythium genus has been
separated as a different group.

Species of the genus Phytopythium also signifi-
cantly differ in morphological features. One of the
typical features for this type is sporangia of oval to
spherical shape with a distinct papilla (except for the
Pp. vexans), common internal proliferation similar
to that of Phytophthora and the type of development
and release of zoospores typical of the Pythium genus.
However, species of the genus Phytophthora never
produce internal proliferation for papillate sporangia.
This unusual combination (internal proliferation and
papillation) for sporangia is common in species of the
genus Phytopythium and for some Pythium species
such as: P. marsupium, P. middletonii, P. multisporum
(belonging to clade E); P. nagaii (G clade), P. grandis-
porangium (clade C); P. anandrum, P. dimorphum, P.
helicandrum, P. prolatum, P. undulatum (clade H) (De
Jesus et al. 2018). Another different feature is the de-
velopment of sporangia itself. In Phytopythium, young
sporangia are not equipped with papilla, which grow
only when sporangia mature, and do not consist of hya-
line ‘apical thickening’ as in Phytophthora (Blackwell
1949). In contrast to Phytophthora, species of the genus
Phytopythium can produce shorter or larger discharge
tubes. At the same time, in some species, the papilla
is not the place from which mature zoospores are re-
leased. Another difference in the construction of the
papilla itself is the fact that when its prolonged form is
observed, it is also possible to branch it out (de Cock et
al. 2015). The last two features are rare but may be an
important diagnostic feature. At the end of the papilla
molded tip, there are vesicles. Protoplasm released by
sporangia goes to the follicle, where it is differentiated
into single zoospores (Baten et al. 2014). According to
Marano et al. (2014), Pp. kandeliae releases zoospores
mainly as species of the Pythium genus. However, there

are also situations when zoospores partially form al-
ready inside the sporangium, and partly in the vesicle,
which is the intermediate phase between Phytophthora
and Pythium.

Another characteristic feature of the Phytopythium
genus is the shape of antheridia. In most species, they
are elongated, cylindrical and sometimes there are nar-
rowings on them (in the genus Phytophthora antheridia,
they usually take on the spherical form). The fertilisa-
tion tube unlike the other types is in the side position and
not the apical position. Despite this, from time to time
it is possible to observe club-shaped antheridia with
a vertebral joint. For example, for Pp. vexans, there are
antheridia widely connected with oogonium. A group of
species of the genus Pythium, which similarly to Phyto-
pythium may simultaneously produce sporangia with
papilla and internal proliferation, has been mentioned
before. However, in most cases, these species do not de-
velop elongated cylindrical antheridium. The only one
species of the Pythium genus that produces this type
of antheridium is P. helicandrum. However, this spe-
cies can be distinguished from Phytopythium based on
ornamented oogonia and much larger oogonium that
exceeds the ranges typical of the genus Phytopythium.
There are several species that produce antheridia simi-
lar to Phytopythium such as P. marsipium or P. gran-
disporangium, but the first of these species has oogonia
utriform instead of ovoid, while the other is a marine
species with very large sporangia with stenosis at the
base (de Cock et al. 2015).

Most species belonging to this genus produce large,
smooth oogonium, thick-walled oospores and one or
two paragynous antheridium cells (Bala et al. 2010) that
are laterally connected to the oogonium.

High optimum and maximum temperature of
growth is also characteristic of this type. The optimum
temperature for most classified species is 30°C, while
the maximum temperatures range from 35°C to 40°C
(Lévesque and de Cock 2004).

THE IMPORTANCE OF PHYTOPYTHIUM IN ORCHARDS
AND FORESTRY

There are many reports about the harmful effects of
pathogens from the genus Phytopythium not only on
agricultural plants but also on trees and shrubs (Jung
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et al. 2020). An example of this may be the study by
Boari et al. (2018), who analyzed the causes of soft rot
of manioc roots (Manihot esculenta). This disease in
Brazil is considered the greatest threat to the cultivation
of this shrub (Poltronieri et al. 1996; Silva et al. 2019).
At that time, a single organism responsible for the oc-
currence of the symptoms of this disease has not been
diagnosed, but rather it is considered to be related to
the action of many soil organisms (Hillocks and Wydra
2002). Boari et al. (2018) consider organisms from the
genus Phytopythium as one of the perpetrators of this
disease. Another example of the impact of organisms
from the Phytopythium genus is reports on the deaths
of young pistachio trees in California (USA). Fichtner
et al. (2016), when writing about this phenomenon,
emphasise root necrosis and the rapid process of dy-
ing (from June to July). As the species responsible for
this damage Pp. helicoides was identified. This patho-
gen can cause similar symptoms also at the roots of the
aforementioned begonia (Yang et al. 2013) or rhizomes
of lotus (Yin et al. 2016). Root diseases caused by soil
pathogens are also a major problem in Iran. Javadi and
Sharifnabi (2016) pay attention to damage to almond
crops (Prunus amygdalus L.). Their research showed
that the causal agent of root rot and crown dieback in
almond crops in Isfahan is Pp. litorale. Pathogens of
the genus Phytopythium also cause damage to avo-
cado (Persea americana Mill.) crops. Reports on this
topic are presented by Rodriguez-Padron et al. (2018).
In the studies conducted on avocado plantations in the
Canary Islands, where tree dieback was observed, spe-
cies of the genera Phytophthora and Phytopythium (Pp.
vexans) were isolated. An attempt was also made to
compare the pathogenicity of the obtained isolated or-
ganisms with the main pathogen for avocado crop dam-
age such as Ph. cinnamomi. The results of the analyses
obtained were very divergent. On six tested Pp. vexans
isolates, three were found to be non-pathogenic and one
was moderately aggressive, while the other two were
highly aggressive, however, under specific conditions
(Rodriguez-Padron et al. 2018). One isolate was as dam-
aging as Ph. cinnamomi in hydroponic conditions but
did not cause significant root necrosis in potted plants,
and the opposite results were obtained with other iso-
lates. In addition, the presence of, inter alia, Pp. vexans
also caused necrosis on the root collar, which was not
observed in other analyzed species. Two new species

for knowledge are also described in the mangrove for-
est in the Philippines (Bennett et al. 2017a). The newly
described species are Pp. leanoi and Pp. dogmae. Ben-
nett et al. (2017a) in their research potentially describe
the threats resulting from the presence of these species
in mangrove forests (leaf discoloration). Other research-
ers also found species belonging to this genus in similar
conditions (Leanio 2001; Thines 2014; Bennett et al.
2017b).

SUMMARY

Information on the importance of species of the genus
Phytopythium and prevalence are not as well known as
other types belonging to the Oomycota (Phytophthora
or Pythium). Nevertheless, these organisms are often
equally aggressive towards host plants as their close
relatives (Rodriguez-Padron et al. 2018). Particularly
noteworthy is the fact that these organisms develop
and are more aggressive at temperatures between 25°C
and 35°C. This is particularly important because of the
climate change observed in recent years. This process
allows Phytopythium organisms to shift their natural
ranges of occurrence and to search for new host plants.
A good example of this may be the reports from Po-
land about the occurrence of Pp. citrinum in weakened
oak stands (Jankowiak et al. 2015). The importance of
these pathogens in the process of dieback of oaks is not
known while in other parts of Poland this species was
successfully isolated from rhizosphere soil, in dying
oak and alder stands, where it accompanied more dan-
gerous pathogens such as Ph. plurivora (in oak stands)
and Ph. alni (in stands alder) (unpublished data). The
challenge for the coming years is to learn more about
the importance of Phytopythium organisms not only
in both agricultural and horticultural crops but also
in stands where they can threaten the sustainability of
ecosystems as well as closely related organisms of the
genus Phytophthora.

ACKNOWLEDGEMENT
This work was supported by the National Centre for

Research and Development by the grant agreement BI-
OSTRATEG3/347105/9/NCBR/2017.

Folia Forestalia Polonica, Series A - Forestry, 2020, Vol. 62 (3), 227-232



Phytopythium: origin, differences and meaning in modern plant pathology

REFERENCES

Afandi, A., Murayama, E., Hieno, A., Suga, H., Kagey-
ama, K. 2018. Population structures of the water-
borne plant pathogen Phytopythium helicoides re-
veal its possible origins and transmission modes in
Japan. PLoS One, 13 (12), €0209667.

Bala, K.,  Robideau, G.P., Désaulniers, N.,
De Cock, AW.A.M., Lévesque, C.A. 2010. Taxon-
omy, DNA barcoding and phylogeny of three new
species of Pythium from Canada. Persoonia: Mo-
lecular Phylogeny and Evolution of Fungi, 25, 22.

Baten, M.A. et al. 2014. Phylogenetic relationships
among Phytopythium species, and re-evaluation of
Phytopythium fagopyri comb. nov., recovered from
damped-off buckwheat seedlings in Japan. Myco-
logical Progress, 13 (4), 1003.

Bedard, J.E., Schurko, A.M., de Cock, AW., Klas-
sen, G.R. 2006. Diversity and evolution of 5S rRNA
gene family organization in Pythium. Mycological
Research, 110 (1), 86-95.

Bennett, R.M., Thines, M. 2017a. Confirmation that
Phytophthora insolita (Peronosporaceae) is present
as a marine saprotroph on mangrove leaves and first
report of the species for the Philippines. Nova Hed-
wigia, 105 (1/2), 185-196.

Bennett, R.M., Nam, B., Dedeles, G.R., Thines, M.
2017b. Phytopythium leanoi sp. nov. and Phytopy-
thium dogmae sp. nov., Phytopythium species as-
sociated with mangrove leaf litter from the Philip-
pines. Acta Mycologica, 52 (2).

Blackwell, E. 1949. Terminology in Phytophthora. My-
cological Papers, 30, 1-24.

Boari, A.J., Cunha, E.M., Quadros, A.F.F., Bar-
reto, R.W., Fernandes, A.F. 2018. First report of
Phytopythium sp. causing storage root rot and foli-
age blight of cassava

in Brazil. Plant Disease, 102 (5), 1042.

Briard, M., Dutertre, M., Rouxel, F., Brygoo, Y. 1995.
Ribosomal RNA sequence divergence within
the Pythiaceae. Mycological Research, 99 (9),
1119-1127.

Broders, K.D., Lipps, P.E., Ellis, M., Dorrance, A.E.
2009. Pythium delawarii — a new species isolated
from soybean in Ohio. Mycologia, 101, 232-238.

Cooke, D.E.L., Drenth, A., Duncan, J.M., Wagels, G.,
Brasier, C.M. 2000. A molecular phylogeny of Phy-

tophthora and related oomycetes. Fungal Genetics
and Biology, 30 (1), 17-32.

De Cock, AW.AM. et al. 2015. Phytopythium: molecu-
lar phylogeny and systematics. Persoonia: Molecu-
lar Phylogeny and Evolution of Fungi, 34, 25.

Fichtner, E.J., Browne, G.T., Mortaz, M., Ferguson, L.,
Blomquist, C.L. 2016. First report of root rot caused
by Phytopythium helicoides on Pistachio Rootstock
in California. Plant Disease, 100 (11), 2337.

Hillocks, R.J., Wydra, K. 2002. Bacterial, fungal and
nematode diseases. In: Cassava: biology, produc-
tion and utilization (eds.: R.J. Hillocks, J.M. Thresh,
A.C. Belloti). CABI, UK, 261-280.

Jankowiak, R., Stepniewska, H., Bilanski, P. 2015.
Notes on some Phytopythium and Pythium species
occurring in oak forests in southern Poland. Acta
Mycologica, 50 (1).

Javadi, N., Sharifnabi, B. 2016. Phytopythium litorale,
the causal agent of almond root and crown rot in
Iran. Proceedings of 22nd Iranian Plant Protection
Congress, 27-30 August 2016. College of Agricul-
ture and Natural Resources, University of Tehran,
Karaj, Iran.

de Jesus, A.L. et al. 2016. Morphological and phyloge-
netic analyses of three Phytopythium species (Per-
onosporales, Oomycota) from Brazil. Cryptogamie
Mycologie, 37 (1), 117-128.

Jung, T. et al. 2020. A survey in natural forest ecosys-
tems of Vietnam reveals high diversity of both new
and described Phytophthora taxa including P. ramo-
rum. Forests, 11 (1), 93.

Karaca, G., Jonathan, R., Paul, B. 2009. Pythium stipi-
tatum sp. nov. isolated from soil and plant debris
taken in France, Tunisia, Turkey, and India. FEMS
Microbiology Letters, 295, 164—1609.

Leanio, E.M. 2001. Straminipilous organisms from fall-
en mangrove leaves from Panay Island, Philippines.
Fungal Diversity, 6, 75-81.

Lévesque, C.A., de Cock, W.A.M. 2004. Molecular
phylogeny and taxonomy of the genus Pythium.
Mycological Research, 108, 1363—1383.

Marano, AV. et al. 2014. A new combination in Phyto-
pythium: P. kandeliae (Oomycetes, Straminipila).
Mycosphere, 5, 510-522.

Nam, B., Choi, Y.J. 2019. Phytopythium and Pythium
species (Oomycota) isolated from freshwater envi-
ronments of Korea. Mycobiology, 47 (3), 261-272.

Folia Forestalia Polonica, Series A - Forestry, 2020, Vol. 62 (3), 227-232

231



232

Mitosz Tkaczyk

Polat, Z., Awan, Q.N., Hussain, M., Akgiil, D.S. 2017.
First report of Phytopythium vexans causing root
and collar rot of kiwifruit in Turkey. Plant Disease,
101 (6), 1058.

Poltronieri, L.S., Trindade, D.R., Silva, HM., de Al-
buquerque, F.C. 1997. Pathogens associated to the
cassava soft root rot in the State of Para, Brazil (in
Portuguese with English summary). Fitopatologia
Brasileira, 22, 111.

Prencipe, S., Savian, F., Nari, L., Ermacora, P., Spada-
ro, D., Martini, M. 2020. First report of Phytopythi-
um vexans causing decline syndrome of Actinidia
deliciosa ‘Hayward’in Italy. Plant Disease, 104 (7).

Pringsheim, N. 1858. Beitraege zur morphologie und
systematic algae. 1. Die Saprolegnieen. Jahrbiicher
fiir Wissenschaftliche Botanik, 1, 284-306.

Radmer, L., Anderson, G., Malvick, D.M., Kurle, J.E.,
Rendahl, A., Mallik, A. 2017. Pythium, Phytoph-
thora, and Phytopythium spp. associated with soy-
bean in Minnesota, their relative aggressiveness
on soybean and corn, and their sensitivity to seed
treatment fungicides. Plant Disease, 101 (1), 62-72.

Rai, M., Abd-Elsalam, K.A., Ingle, A.P. 2020. Pythium:
diagnosis, diseases and management. CRC Press.

Redekar, N.R., Eberhart, J.L., Parke, J.L. 2019. Diver-
sity of Phytophthora, Pythium, and Phytopythium
species in recycled irrigation water in a container
nursery. Phytobiomes Journal, 3 (1), 31-45.

Robideau, G.P. et al. 2011. DNA barcoding of oomycet-
es with cytochrome ¢ oxidase subunit I and internal
transcribed spacer. Molecular and Ecological Re-
sources, 11, 1002—1011.

Rodriguez-Padron, C., Siverio, F., Perez-Sierra, A.,
Rodriguez, A. 2018. Isolation and pathogenicity
of Phytophthora species and Phytopythium vexans
recovered from avocado orchards in the Canary

Islands, including Phytophthora niederhauserii as
a new pathogen of avocado. Phytopathologia Medi-
terranea, 57 (1), 89—-106.

Senda, M., Suga, H., Levésque, G.A. 2009. Two new
species of Pythium, P. senticosum and P. takay-
amanum, isolated from cool-temperate forest soil
in Japan. Mycologia, 101, 439—-448.

Silva, J.L.D.S.,Ishida, A.K.N., Cunha,R.L., Lima, A.M.,
Moura, E.F. 2019. Culture medium and inoculation
methodology for the study of soft root rot caused by
Phytopythium sp. Ciéncia Rural, 49 (11).

Thines, M. 2014. Phylogeny and evolution of plant path-
ogenic oomycetes — a global overview. European
Journal of Plant Pathology, 138 (3), 431-447.

Uzuhashi, S., Tojo, M., Kakishima, M. 2010. Phylogeny
of the genus Pythium and description of new gen-
era. Mycoscience, 51, 337-365.

van der Plaats-Niterink, A.J. 1981. Monograph of the
genus Pythium Vol. 21. Centraalbureau voor Schim-
melcultures, Baarn.

Villa, N.O., Kageyama, K., Asano, T., Suga, H. 2006.
Phylogenetic relationships of Pythium and Phy-
tophthora species based on ITS rDNA, cytochrome
oxidase II and B-tubulin gene sequences. Mycolo-
gia, 98 (3), 410-422.

Wang, K.X., Xie, Y.L., Yuan, G.Q., Li, Q.Q., Lin, W.
2015. First report of root and collar rot caused by
Phytopythium helicoides on Kiwifruit (Actinidia
chinensis). Plant Disease, 99 (5), 725.

Yang, X., Richardson, P.A., Olson, H.A., Hong, C.X.
2013. Root and stem rot of begonia caused by Phyto-
pyvthium helicoides in Virginia. Plant Disease, 97
(10), 1385-1385.

Yin, X., Li, X.Z., Yin, J.J., Wu, X. 2016. First report
of Phytopythium helicoides causing rhizome rot of
Asian lotus in China. Plant Disease, 100 (2), 532.

Folia Forestalia Polonica, Series A - Forestry, 2020, Vol. 62 (3), 227-232



