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Abstract

Recent advancements in the research on endophytes isolated from plants and crops have greatly broadened its application
in various fields. Endophytic bacteria and endophytic fungi are known to promote the growth of various plants. Besides, the
secondary metabolites such as alcohol and xylitol secreted by the endophytic yeast also help their hosts to resist microbial
invasion. This makes them a potential substitute for chemical-based control methods. Moreover, the plant hosts can also
provide nutrients for the growth of endophytic yeasts. To achieve the symbiotic relationship, yeasts must colonize most
parts of the plant tissues, including intercellular spaces, cytoplasm, stomata of seeds, roots, stems, leaves, and fruits as well.
Conventionally, isolation of endophytic yeasts from different plant tissues and understanding their interior plants coloniza-
tion mechanism have remainedkey strategies to exploit their key potentials. In this review, we will elaborate on the diversity,
characteristics of colonization, and the factors that influence the distribution of endophytic yeasts. This review also lays a

theoretical foundation for the application of endophytic yeasts in various industrial and agricultural practices.
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Introduction

Endophytes are endosymbionts that reside in plant tissues
without causing any apparent harm to the host. Most com-
mon endophytes have been identified as filamentous fungi
and unicellular bacteria (Schulz and Boyle 2005). Yeast, on
the other hand, inhibits a unique niche along with filamen-
tous fungi and endophytic bacteria in forest trees and agri-
cultural plants (Doty 2013). However, the same plant species
harbor far less the number and diversity of endophytic yeasts
compared to the endophytic bacteria (Cui et al. 2012; Knoth
et al. 2014). In general, endophytes maintain a symbiotic
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relationship to enhance the growth of the host plant, assist
nutrient acquisition, and also improve their ability to tolerate
abiotic stresses (Saikkonen et al. 2004). The diversity and
quantity of endophytic yeasts are affected by many factors,
such as cultivation methods for crops and atmospheric con-
ditions (Camatti-Sartori et al. 2005). Most of the endophytic
yeasts are classified in genera Rhodotorula, Pichia, Candida,
and Debaryomyces. Phytologists have been immensely inter-
ested in the ecological effects and application of endophytes.
Interestingly, endophytes directly or indirectly promote the
growth and also help host plants to resist pests and diseases
by secreting active metabolites. In particular, endophytic
yeasts serve additional functions that include secretion of
inhibitors, namely xylose and ethanol (Doty 2013; Vaj-
zovic et al. 2012). Being encouraged by the importance of
endophytic yeasts applications in industrial and agricultural
fields, we review the current status of research progress and
future application potential of endophytic yeasts in the pre-
sent article.
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Diversity of endophytic yeasts

Endophytic yeasts have been identified in many perineal
trees and crops. Moreover, different tissue parts of the
same plant harbor different species of endophytic yeasts.
In the following sections, we will elaborate on the distribu-
tion and influencing factors of endophytic yeasts.

Endophytic yeasts diversity in different plants

In recent years, there have been growing interests in research
about the diversity of endophytic yeasts in different plants
and crops. Cryptococcus, Debaryomyces, Sporobolomyces,
and Rhodotorula are relatively common and well-studied
endophytic yeast genera (Doty 2013). With the elevated
interest of the scientific community in the endophytic yeasts
and their diversity, many new endophytic yeast genera have
been recently discovered. Lorenzini et al. (2018) discovered
Candida railenensis, Candida cylindracea, Hanseniaspora
pseudoguilliermondii and Metschnikowia sinensis, the first
time in apple juice. Remarkably, some researchers have stud-
ied the diversity of endophytic yeasts in Thailand’s economi-
cally important crops: rice, corn, and sugar cane (Khun-
namwong et al. 2018). They reported that the number of
basidiomycetes is more than that of the ascomycetes among
the endophytic yeasts isolated from the leaves of these crops.
The report was also confirmed by other research groups (Into
et al. 2020; Peng et al. 2018; Tantirungkij et al. 2015). In
contrast, the ascomycetes isolated from Malus domestica
and Pyrus communis were more diverse than basidiomy-
cetes inside the fruits. Moreover, the number of ascomy-
cetes yeasts increased as the fruits matured (Glushakova and
Kachalkin 2017b). In addition, Peng et al. (2018) isolated
62 yeast strains from the pulp, 72 strains from the peel,
and 152 strains from leaves of Nanfeng mandarin (Citrus
reticulata cv.). Evidently, the number of yeasts isolated in
citrus leaves was much higher than that of citrus peel and
citrus pulp. The same group also reported that 12 species of
yeasts including Candida metapsilosis, Symmetrospora spp.,
Candida cf. azyma, and P. kluyveri were exclusively found
in citrus leaves but not in other parts of the plant. Interest-
ingly, Aureobasidium pullulans and Hanseniaspora opuntiae
were the dominant yeast species in the citrus leaves, while
Hanseniaspora opuntiae and Meyerozyma guilliermondii
were dominantly present in the citrus peels and pulps respec-
tively. The above reports suggest that plant species harbor
a set of dominant yeast species, and the quantity, as well as
the diversity of endophytic yeast, differing from parts of the
same plant.

Climatic factors such as temperature, precipitation, and
humidity affect the diversity and performance of symbiotic
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fungus in an area (Giauque et. al. 2013). In parallel with
this study, Gai et al. reported that the numbers and types
of endophytic yeasts found in the NF (Nanfeng) area were
more than that of NC (Nancheng) area. Reportedly, the
diversity of endophytic yeast was not significantly differ-
ent in sweet orange trees studied in four sampling sites.
Rhodotorula mucilaginosa, Pichia guilliermondii, and
Cryptococcus flavescens were found most commonly and
remained distributed mainly in the stomata and xylem of
the plants (Gai et al. 2009). Based on the latest research,
yeasts can also invade from fruit epidermis and colonize
internal tissues of fruits (Solis et al. 2015). Moreover,
other groups of researchers also proposed that the yeasts in
citrus plants can migrate from roots to the leaves using the
vasculature system of the plants (Gai et al. 2009). Table 1
lists important endophytic yeasts isolated from some forest
trees and crops.

Factors affecting plant endophytic yeasts
community

Natural environmental factors including anthropogenic
impacts and plant internal environment are the key factors
that affect the quantity and species composition of endo-
phytic yeasts. As outlined in the previous section, environ-
mental factors such as seasonal variations of pH, nutrients,
temperature, humidity, solar radiation, plant exudates, and
rainfall significantly affect the yeast abundance and species
composition in the plants of that area (Solis et al. 2015). In
support of this finding, it has been observed that the number
of endophytic yeasts isolated from wine grapes in autumn
and spring were 41.67% and 25% respectively (Cui et al.
2012). It further proves that seasonal changes have a great
impact on the quantity and community of endophytic yeasts.
In a separate study conducted in Moscow about the endo-
phytic relationship of yeast with Malus domestica and Pyrus
communis, the number of ascomycetous yeasts continued to
increase as the fruit matured (Glushakova and Kachalkin
2017b). Strikingly, the factors affecting yeast abundance
were mainly depended on the type of study sample and
sampling date, rather than the tree species and sampling
location. More recently, it has been found that agrochemi-
cals had negative effects on yeast abundance and their com-
munity composition. The treatment of winter wheat with
strong fungicides (fenpropimorph, a commercial mixture
of pyraclostrobin, epoxiconazole and thiophanate-methyl),
led to a significant decrease in the number of yeast colo-
nies down to 85% (Wachowska et al. 2018). The endophytic
yeasts isolated from winter wheat (Aureobasidium pullu-
lans and Rhodotorula glutinis) were severely affected by
fungicides. The fungicidal effect was relatively less severe
for Metschnikowia pulcherrima, Debaryomyces hansenii,
Candida albicans, and Candida sake. Internal factors such
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Table 1 The endophytic yeasts extracted from some forest trees and crops

Host plant

Vernacular name

Tissue

Yeast genus

References

Populus trichocarpa X P. deltoids
Morinda citrifoli L

Vitis vinifera L

Vitis vinifera L

Triticum aestivum L

Malus domestica

Pyrus communis

Citrus sinensis

Oryza Sativa

Populus trichocarpa
P. trichocarpa X Populus deltoids
Salix fragilis L

Salix caprea

Quercus robur

Poplar
Wild Noni
Wine grape

Wine grape
Winter wheat

Apple

Pear

Sweet orange

Rice

Wild Cottonwood

Hybrid Poplar
Willow

Willow

Oak

Stems
Seeds

Roots, Stems,
Leaves,
Pericarp

Roots, Pericarp
Grains

Fruits

Fruits

leaves

Leaves

Stems
Stems
Galls

Galls

Galls

Rhizobium tropici
Eremothecium, Kodamaea

Pytiros sp.

Kleckera sp.

Aureobasidium pullulans,
Candida albicans, Candida
sake, Debaryomyces hansenii,
Metschnikowia pulcherrima,
Rhodotorula glutinis

Candida parapsilosis, F. wierin-
gae, F.magnum, Hanseniaspora
uvarum, Pichia kluyveri, Rh.
glutinis, and R. colostri

Candida parapsilosis, F. wierin-
gae, F.magnum, Hanseniaspora
uvarum, Kwoniella sp., Pichia
kluyveri, Rh. glutinis, and R.
colostri

Aureobasidium pullulans, Can-
dida parapsilosis, Cryptococcus
flavescens, C. laurentii, Pichia
guilliermondii, Rhodotorula
mucilaginosa, R. dairenensis

Candida sp., Cryptococcus sp.,
Debaryomyces sp., Debaryomy-
ces sp., Meyerozyma sp., Pseu-
dozyma sp., Trichosporon sp.

Rhodotorula sp.
Rhodotorula mucilaginosa

Candida fructus, Candida
railenensis, Filobasidium
magnum, Filobasidium wier-
ingae, Hanseniaspora uvarum,
Metschnikowia henanensis,
Metschnikowia pulcherrima,
Papiliotrema flavescens, Pichia
fermentans, Rhodotorula muci-
laginosa

Candida fructus, Candida
railenensis, Filobasidium
magnum, Filobasidium wier-
ingae, Hanseniaspora uvarum,
Metschnikowia henanensis,
Metschnikowia pulcherrima,
Papiliotrema flavescens, Pichia
fermentans, Rhodotorula
mucilaginosa, Vishniacozyma
carnescens

Candida railenensis, Dioszegia
changbaiensis, Dothiora can-
nabinae, Filobasidium magnum,
Filobasidium wieringae, Rhodo-
torula mucilaginosa, Vishniaco-
zyma victoria,

(Doty et al. 2005)
(Bai et al. 2014)
(Cui et al. 2012)

(Cui et al. 2012)
(Wachowska et al. 2018)

(Glushakova and Kachalkin 2017b)

(Glushakova and Kachalkin 2017b)

(Gai et al. 2009)

(Tantirungkij et al. 2015)

(Xin et al. 2009)
(Xin et al. 2009)
(Glushakova and Kachalkin 2017a)

(Glushakova and Kachalkin 2017a)

(Glushakova and Kachalkin 2017a)
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Table 1 (continued)

Host plant Vernacular name  Tissue

Yeast genus References

Tilia cordata Mill Tilia cordata Galls

Ulmus laevis Pall Ulmus laevis Galls

Saccharum officinarum Sugar Cane Leaves

Populus euphratica Populus euphratica Stems
English Oak

Rice

Quercus robur Fruits

Oryza sativa Leaves

Saccharum officinarum Sugarcane Leaves

Zea mays Corn Leaves

Malus domestica Apple Leaves

Malus domestica Apple Flowers

Malus domestica Apple Fruits

Solanum lycopersicum Tomato Fruits

Ficus Ficus Leaves

Ficus carica Ficus Fruits

Citrus reticulate Blanco Tangerine Peels

Candida railenensis, Filoba-
sidium magnum, Filobasidium
wieringae, Hanseniaspora
uvarum, Metschnikowia
pulcherrima, Papiliotrema fla-
vescens, Rhodotorula mucilagi-
nosa, Vishniacozyma carnes-
cens, Vishniacozyma victoriae

(Glushakova and Kachalkin 2017a)

Filobasidium magnum, Filoba-
sidium wieringae, Hansenias-
pora uvarum, Metschnikowia
pulcherrima, Papiliotrema flave-
scens, Rhodotorula mucilagi-
nosa, Vishniacozyma carnes-
cens, Vishniacozyma victoriae

(Glushakova and Kachalkin 2017a)

Wickerhamiella sp. (Khunnamwong et al. 2014)
(Zumrat et al. 2012)
(Isaeva et al. 2009)

(Khunnamwong et al. 2018)

Rhodotorula sp.
Candida railenensis

Papiliotrema, Rhodotorula,
Saitozyma, Sporobolomyces,
Sakaguchia oryzae, Toruloides,

Cystobasidium, Dioszegia
takashimae, Flava, Hannaella,
Kwoniella, Mangaliensis,
Papiliotrema, Rhodotorula,
Saitozyma aff., Sporobolomyces,
Trichosporon

(Khunnamwong et al. 2018)

Cryptococcus, Hannaella Kwon-
iella, Naganishia, Papiliotrema,
Rhodotorula, Rhodosporidiobo-
lus, Saitozyma, Sporobolomyces

(Khunnamwong et al. 2018)

Cryptococcus laurentii, Candida  (Camatti-Sartori et al. 2005)
spp, Sporobolomyces roseus,

Sporodiobolus pararoseus,

Rhodotorula mucilaginosa,

Debaryomyces hansenii,

Cryptococcus laurentii, Debaryo-
myces hansenii,

(Camatti-Sartori et al. 2005)

Candida spp, Cryptococcus sp.,
Pichia sp.

(Camatti-Sartori et al. 2005)

(Infante et al. 2012)
(Solis et al. 2015)

Candida guilliermondii

Cryptococcus sp., Rhodotorula
sp.

Saccharomyces cerevisia (Yachen et al. 2014)

Hanseniaspora sp., Meyerozyma  (Ling et al. 2019)

guilliermondii, Pichia kluyveri

as genotype of the plant, its growth phase, and the tissue
type severely influenced the growth of endophytic yeasts (Xu
et al. 2019). A seminal study with the acorns revealed that
the number of Candida railenensis in the cotyledons reached
up to 107 CUF/g before its germination. It was the largest
number reported in the possible life span of an acorn. The
simple sugars released during the breakdown of starch in the
germinating acorn apparently provide nutrients to stimulate
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the rapid growth of the yeasts (Isaeva et al. 2009). Human
activities also affect the symbiotic relationship of endophytic
yeasts population with plants. An opportunistic species Can-
dida parapsilosis, known to be harmful to humans, existed
within every stage of fruit development under anthropogenic
impact in Moscow (Russia) city (Glushakova and Kacha-
lkin 2017b). Besides, yeasts are found more commonly in
sweet fruits such as wine grape Cabernet Sauvignon (Liu
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et al. 2016), Malus domestica and Pyrus communis fruits
(Glushakova and Kachalkin 2017b) and Citrus sinensis (Gai
et al. 2009); and storage tissues of Ficus carica L. (Yachen
et al. 2014), Saccharum officinarum leaves (Khunnamwong
et al. 2014), Solanum lycopersicum L. (Infante et al. 2012)
and winter Triticum aestivum L. (Wachowska et al. 2018).

Application of endophytic yeasts

Owing to its antibacterial, antifungal, antiviral, anti-inflam-
matory, and anti-tumor effects, endophytic yeasts have great
application prospects in agriculture, medicine, and indus-
tries (Jalgaonwala and Mahajan 2014). Although research on
endophytic yeasts as biological agents has gained momen-
tum only in recent years, endophytic yeasts present great
potential in inhibiting a wide spectrum of plant pathogens.
For instance, two endophytic yeasts, Wickerhamomyces
anomalus and Kodamaea ohmeri, can be isolated from rice,
corn or sugarcane leaves significantly inhibit the growth
of phytopathogenic fungi Curvularia lunata (causes dirty
panicle disease in rice) and Fusarium moniliforme (causes
bakanae disease in rice) respectively (Khunnamwong et al.
2019). In addition, among 73 endophytic yeasts isolated
from orange, Metschnikowia sp. can significantly inhibit
Penicillium digitatum on oranges (Liu et al. 2017). Some
endophytic yeasts, known to secrete the biological agents,
not only suppressed the damage to fruits and vegetables
caused by certain pathogens, but also promoted the growth
of crops to a certain extent (Jamal 2019). One remarkable
example is the endophytic yeast strain, isolating, tholds
strong inhibitory effect against mycelial growth of Fusarium
solani, F. oxysporum and Macrophomina phaseolina which
can prevent sunflower root rot, and also enhances plant
growth at the same time (Fareed et al. 2019). In addition to
the above-stated functions, endophytic yeasts can produce
extracellular polysaccharides on the surface of fruits. Thus,
they compete with pathogens for nutrients and spaces, the
pathogens’ growth can be subsequently limited (Luna 2017).
These features also qualify endophytic yeasts to be a promis-
ing non-chemical agent to control postharvest diseases.

It is widely accepted that the endophytic yeast has an
excellent ability to promote plant growth that can be a boon
for agricultural practices. This ability of the endophytic
yeasts stems from their ability to secrete bioactive com-
pounds such as indole-3-acetic acid (IAA), gibberellins,
siderophores, and phosphate solubilizing or (1-Aminocy-
clopropane-1-Carboxylate) ACC (Joubert and Doty 2018).
A very recent report suggested that Candida sp. strain iso-
lated from rice seedings produced phytase, which promoted
the growth of shoot, increased the fresh weight of shoot and
roots by increasing phosphorus utilization (Zhu et al. 2019).
In another study, filtrate culture treatment of Vigna radiata
seeds with Geotrichum candidum strain isolated from the

roots of mangrove plants readily promoted the germination
rate (George et al. 2019). Rhodotorula mucilaginosa isolated
from poplars and willows were capable of producing IAA
that can also promote the growth of some important crops
such as corn, tomato, pepper, squash, sunflower and grasses
under nitrogen stress (Xin et al. 2009). Similarly, yeasts iso-
lated from the roots of maize could also produce TAA and
IPYA (Nassar et al. 2005). Besides the ability of endophytic
yeasts in inhibiting pathogens and promoting plant growth,
another endophytic yeast Saccharomyces cerevisiae is cru-
cial in agriculture, baking, and alcohol industries (Vajzovic
et al. 2012; Yachen et al. 2014).

It is well-established that both endophytic bacteria
(Lodewyckx et al. 2002) and endophytic yeasts (Doty 2013)
can promote the growth or protect plants from a wide vari-
ety of phytopathogenic microbes. Endophytic bacteria can
also degrade complex organic metabolites of plant origin to
sustain the management of agricultural wastes and control
pollution (Afzal et al. 2014). The degraded components of
the agricultural wastes help plants grow well in soil con-
taminated with heavy metals and organic matters (Germaine
et al. 2009; Weyens et al. 2010). Although more emphasis
has been given to the study of endophytic bacteria com-
pared to endophytic yeasts, the latter is easier to cultivate,
applicable to agricultural practices and has long-term stor-
age (Joubert and Doty 2018). Moreover, endophytic yeasts
have advantages over endophytic bacteria in resisting plant
pathogens and promoting crop growth (Joubert and Doty
2018). The existing and growing body of literature substanti-
ates the belief that endophytic yeasts have great potential to
revolutionize agricultural and industrial outputs.

Conclusion

Research on endophytic yeasts is shifting focus from the
understanding of the fundamental process to their appli-
cations. Despite its known applicability to be used as bio-
control and bio-based growth agent, extensive research over
endophytic yeasts a required to optimize them for other
applications. Endophytic yeasts have apparently better
potential in the agriculture sector compared to endophytic
bacteria. To exploit the economic potential, the diversity of
endophytic yeast needs to be established more comprehen-
sively. In addition, it is also imperative to understand the
mechanism of endophytic yeast invasion and colonization
to plant tissues. A thorough understanding of how yeasts
colonize plants will help the scientific community develop a
wider range of applications of endophytic yeasts. The appli-
cations of endophytic yeasts seem promising especially in
academic research and industrial production that warrants
further scientific attention.

@ Springer



110 Page6of7

World Journal of Microbiology and Biotechnology (2020) 36:110

Acknowledgements This work was supported in part by Lanzhou Sci-
ence and Technology Plan Project 2018—1-104; Northwest Normal Uni-
versity Innovation Capacity Improvement Program CXCY2018B009;
Gansu International Science and Technology Cooperation Special
1504WKCA028; Special Fund Project for Guiding Science and Tech-
nology Innovation and Development in Gansu Province 2019ZX-05.

Compliance with ethical standards

Conflict of interest We would like to submit the attached manuscript
entitled “A potentially important resource: endophytic yeasts”, which
we would like to consider for publication in this journal. There is no
conflict of interest at the time of submission of this manuscript, and all
authors had approved the publication of the manuscript.

Ethical Approval I certify that this manuscript is original and has not
been published and will not be submitted elsewhere for publication
while being considered by this journal. And the study is not split up
into several parts to increase the quantity of submissions and submitted
to various journals or to one journal over time. No data have been fab-
ricated or manipulated (including images) to support our conclusions.
No data, text, or theories by others are presented as if they were our
own. The submission has been received explicitly from all coauthors.
And authors whose names appear on the submission have contributed
sufficiently to the scientific work and therefore share collective respon-
sibility and accountability for the results.

References

Afzal M, Khan QM, Sessitsch A (2014) Endophytic bacteria: prospects
and applications for the phytoremediation of organic pollutants.
Chemosphere 117:232-242. https://doi.org/10.1016/j.chemospher
€.2014.06.078

Bai FR, Liu Y, Yao S, Hui LI, Tan WQ, Cheng CJCJOM (2014) Identi-
fication on two yeasts CICC32991 and CICC32993 isolated from
Paracel Islands wild Noni( Morinda citrifolia L. ) Seeds. Chin J
Mycol 9:199-202

Camatti-Sartori V, da Silva-Ribeiro RT, Valdebenito-Sanhueza RM,
Pagnocca FC, Echeverrigaray S, Azevedo JL (2005) Endophytic
yeasts and filamentous fungi associated with southern Brazilian
apple (Malus domestica) orchards subjected to conventional, inte-
grated or organic cultivation. J Basic Microbiol 45:397—402. https
://doi.org/10.1002/jobm.200410547

Cui Y, Jiang X, Qi F, Liu Y (2012) Isolation and primary identification
of endophytic yeast from wine grape [J] China Brewing 9:82-84.

Doty SL. (2013) Endophytic Yeasts: Biology and Applications. In:
Aroca R. (eds) Symbiotic Endophytes. Soil Biology. Springer,
Berlin DOI: 10.1007/978-3-642-39317-4_17

Doty SL, Dosher MR, Singleton GL, Moore AL, AkenB V, Stettler RF
et al (2005) Identification of an endophytic Rhizobium in stems of
Populus. Symbiosis 39:27-35

Fareed A, Ali SA, Hasan KA, Sultana V, Ehteshamul-Haque S (2019)
Evaluation of biocontrol and plant growth promoting potential
of endophytic yeasts isolated from healthy plants. Pak J Bot
51:2283-2289. https://doi.org/10.30848/PJB2019-6(44)

Gai CS, Lacava PT, Maccheroni W Jr, Glienke C, Araijo WL, Miller
TA, Azevedo JL (2009) Diversity of endophytic yeasts from sweet
orange and their localization by scanning electron microscopy.
J Basic Microb 49:441-451. https://doi.org/10.1002/jobm.20080
0328

George TK, SubaidaBeevi S, Asok AK, Shaikmoideen JM (2019)
Lant growth promoting endophytic yeast Geotrichum candidum

@ Springer

(jx 477426) from roots of Bruguiera cylindrica. ] Microb Bio-
tech Food Sci 9:267-272. https://doi.org/10.15414/jmbfs
.2019.9.2.267-272

Germaine KJ, Keogh E, Ryan D, Dowling DNJFml (2009) Bacterial
endophyte-mediated naphthalene phytoprotection and phytoreme-
diation. FEMS Microbiol Lett 296:226-234. https://doi.org/10.11
11/j.1574-6968.2009.01637.x

Giauque H, Hawkes CV (2013) Climaste affects symbiotic fungal endo-
phyte diversity and performance. Am J Bot 7:1435-1444. https://
doi.org/10.3732/ajb.1200568

Glushakova A, Kachalkin A (2017a) Endophytic yeasts in leaf galls.
Microbiology 86:250-256. https://doi.org/10.1134/S002626171
7020096

Glushakova A, Kachalkin A (2017b) Endophytic yeasts in Malus
domestica and Pyrus communis fruits under anthropogenic
impact. Microbiology 86:128-135. https://doi.org/10.1134/S0026
261716060102

Infante EDP, Marquinez X, Moreno G (2012) Tomato peel (Solanum
lycopersicum L.) colonization by the endophyte yeast Candida
guilliermondii (Castellani) Langeron et Guerra. Agronomia
Colombiana 30:388-394

Into P, Pontes A, Sampaio JP, Limtong S (2020) Yeast diversity associ-
ated with the phylloplane of corn plants cultivated in Thailand.
Microorganisms 8:80. https://doi.org/10.3390/microorganisms8
010080

Isaeva O, Glushakova A, Yurkov A, Chernov IYJM (2009) The yeast
Candida railenensis in the fruits of English oak (Quercus robur
L.). Microbiology 78:355-359. https://doi.org/10.1134/S0026
26170903014X

Jalgaonwala R, Mahajan R (2014) A review on microbial endophytes
from plants: A treasure search for biologically active metabolites.
Global Journal of Research on Medicinal Plants & Indigenous
Medicine 3:263

Jamal A (2019) Investigation on biocontrol potential of endophytic
yeasts associated with healthy plants. Dissertation, University of
Karachi, Karachi.

Joubert PM, Doty SL (2018) Endophytic Yeasts: Biology, Ecology and
Applications. In: Pirttild A., Frank A. (eds) Endophytes of Forest
Trees. Forestry Sciences, Springer, Cham, pp 3—14. https://doi.
org/10.1007/978-3-319-89833-9_1

Khunnamwong P, Surussawadee J, Jindamorakot S, Limtong S (2014)
Wickerhamiella siamensis f.a., sp. nov., an endophytic and epi-
phytic yeast species isolated from sugar cane leaf. Int J Syst Evol
Micr 64:3849-3855. https://doi.org/10.1099/ijs.0.067702-0

Khunnamwong P, Jindamorakot S, Limtong S (2018) Endophytic yeast
diversity in leaf tissue of rice, corn and sugarcane cultivated in
Thailand assessed by a culture-dependent approach. Fungal Biol-
ogy 122:785-799. https://doi.org/10.1016/j.funbio.2018.04.006

Khunnamwong P, Lertwattanasakul N, Jindamorakot S, Suwannarach
N, Matsui K, Limtong S (2019) Evaluation of antagonistic activity
and mechanisms of endophytic yeasts against pathogenic fungi
causing economic crop diseases. Folia Microbiol. https://doi.
0rg/10.1007/s12223-019-00764-6

Knoth JL, Kim SH, Ettl GJ, Doty SL (2014) Biological nitrogen fixa-
tion and biomass accumulation within poplar clones as a result of
inoculations with diazotrophic endophyte consortia. New Phytol
201:599-6009. https://doi.org/10.1111/nph.12536

Ling L, Li Z, Jiao Z, Zhang X, Ma W et al (2019) Identification of
novel endophytic yeast strains from tangerine peel. Curr Micro-
biol 76:1066—-1072. https://doi.org/10.1007/s00284-019-01721-9

Liu Y, Nan L, Liu J, Yan H, Zhang D, Han XJS (2016) Isolation and
identification of resveratrol-producing endophytes from wine
grape Cabernet Sauvignon. SpringerPlus 5:1029. https://doi.
org/10.1186/540064-016-2571-0

Liu Y, Wang W, Zhou Y, Yao S, Deng L, Zeng K (2017) Isolation, iden-
tification and in vitro screening of Chongqing orangery yeasts for


https://doi.org/10.1016/j.chemosphere.2014.06.078
https://doi.org/10.1016/j.chemosphere.2014.06.078
https://doi.org/10.1002/jobm.200410547
https://doi.org/10.1002/jobm.200410547
https://doi.org/10.30848/PJB2019-6(44)
https://doi.org/10.1002/jobm.200800328
https://doi.org/10.1002/jobm.200800328
https://doi.org/10.15414/jmbfs.2019.9.2.267-272
https://doi.org/10.15414/jmbfs.2019.9.2.267-272
https://doi.org/10.1111/j.1574-6968.2009.01637.x
https://doi.org/10.1111/j.1574-6968.2009.01637.x
https://doi.org/10.3732/ajb.1200568
https://doi.org/10.3732/ajb.1200568
https://doi.org/10.1134/S0026261717020096
https://doi.org/10.1134/S0026261717020096
https://doi.org/10.1134/S0026261716060102
https://doi.org/10.1134/S0026261716060102
https://doi.org/10.3390/microorganisms8010080
https://doi.org/10.3390/microorganisms8010080
https://doi.org/10.1134/S002626170903014X
https://doi.org/10.1134/S002626170903014X
https://doi.org/10.1007/978-3-319-89833-9_1
https://doi.org/10.1007/978-3-319-89833-9_1
https://doi.org/10.1099/ijs.0.067702-0
https://doi.org/10.1016/j.funbio.2018.04.006
https://doi.org/10.1007/s12223-019-00764-6
https://doi.org/10.1007/s12223-019-00764-6
https://doi.org/10.1111/nph.12536
https://doi.org/10.1007/s00284-019-01721-9
https://doi.org/10.1186/s40064-016-2571-0
https://doi.org/10.1186/s40064-016-2571-0

World Journal of Microbiology and Biotechnology (2020) 36:110

Page70f7 110

the biocontrol of Penicillium digitatum on citrus fruit. Biol Con-
trol 110:18-24. https://doi.org/10.1016/j.biocontrol.2017.04.002

Lodewyckx C, Vangronsveld J, Porteous F, Moore ER, Taghavi S,
Mezgeay M, der Lelie DV (2002) Endophytic bacteria and their
potential applications. Crit Rev Plant Sci 21:583-606. https://doi.
0rg/10.1080/0735-260291044377

Lorenzini M, Simonato B, Zapparoli G (2018) Yeast species diversity
in apple juice for cider production evidenced by culture-based
method. Folia Microbiol 63:677-684. https://doi.org/10.1007/
$12223-018-0609-0

Luna EdPI (2017) Endophytic Yeast and Hosts: A mutualistic associa-
tion friendly to the environment. Old Yeasts-New Questions. https
://doi.org/10.5772/intechopen.70326

Nassar AH, El-Tarabily KA, Sivasithamparam KJB (2005) Promotion
of plant growth by an auxin-producing isolate of the yeast Williop-
sis saturnus endophytic in maize (Zea mays L.) roots. Biol Fertil
Soils 42:97-108. https://doi.org/10.1007/s00374-005-0008-y

Peng X, Wang Y, Tang L, Li X, Xiao Y, Zhang Z et al (2018) Yeasts
from Nanfeng mandarin plants: occurrence, diversity and capa-
bility to produce indole-3-acetic acid. Biotechnol Biotec Eq
32:1496-1506. https://doi.org/10.1080/13102818.2018.1487337

Saikkonen K, Wili P, Helander M, Faeth SH (2004) Evolution of endo-
phyte—plant symbioses. Trends Plant Sci 9:275-280. https://doi.
org/10.1016/j.tplants.2004.04.005

Schulz B, Boyle CIMR (2005) The endophytic continuum. Mycol Res
109:661-686. https://doi.org/10.1017/S095375620500273X

Solis MJL, Yurkov A, dela Cruz TE, Unterseher MIM (2015) Leaf-
inhabiting endophytic yeasts are abundant but unevenly distrib-
uted in three Ficus species from botanical garden greenhouses
in Germany. Mycol Prog 14:1019. https://doi.org/10.1007/s1155
7-014-1019-6

Tantirungkij M, Nasanit R, Limtong S (2015) Assessment of endo-
phytic yeast diversity in rice leaves by a culture-independent
approach. Antonie Van Leeuwenhoek 108:633-647. https://doi.
org/10.1007/s10482-015-0519-y

Vajzovic A, Bura R, Kohlmeier K, Doty SLJJoim, biotechnology
(2012) Novel endophytic yeast Rhodotorula mucilaginosa strain

PTD3 II: production of xylitol and ethanol in the presence of
inhibitors. J Ind Microbiol Biotechnol 39:1453—1463. https://doi.
org/10.1007/s10295-012-1154-5

Wachowska U, Irzykowski W, Jedryczka M (2018) Agrochemicals:
Effect on genetic resistance in yeasts colonizing winter wheat ker-
nels. Ecotox Environ Safe 162:77-84. https://doi.org/10.1016/j.
ecoenv.2018.06.042

Weyens N, Croes S, Dupae J, Newman L, van der Lelie D, Carleer
R, Vangronsveld JJEP (2010) Endophytic bacteria improve phy-
toremediation of Ni and TCE co-contamination. Environ Pollut
158:2422-2427. https://doi.org/10.1016/j.envpol.2010.04.004

Xin G, Glawe D, Doty SL (2009) Characterization of three endo-
phytic, indole-3-acetic acid-producing yeasts occurring in Populus
trees. Mycol Res 113:973-980. https://doi.org/10.1016/j.mycre
$.2009.06.001

Xu W et al (2019) Diversity of cultivable endophytic bacteria in mul-
berry and their potential for antimicrobial and plant growth-pro-
moting activities. Microbiol Res. https://doi.org/10.1016/j.micre
$.2019.126328

Yachen D, Yining D, Jin C, Jun Z, Qihe C (2014) Screening and iden-
tification of endogenous yeast from fig fruit and the fermentation
capability testing. Journal of Chinese Institute of Food Science
and Technology. https://doi.org/10.16429/j.1009-7848

Zhu A, Tan H, Cao L (2019) Isolation of phytase-producing yeasts
from rice seedlings for prospective probiotic applications. 3 Bio-
tech. https://doi.org/10.1007/s13205-019-1746-0

Zumrat A, Cheng G, Buayshem A, Nurimangul S, Raziye E, Muhtar A,
Erkin RJXAS (2012) Preliminary identification of an endophytic
yeast from the storage liquid in the stem of Populus euphratica.
Xinjiang Agricultural Sciences 49:1483-1488.

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

@ Springer


https://doi.org/10.1016/j.biocontrol.2017.04.002
https://doi.org/10.1080/0735-260291044377
https://doi.org/10.1080/0735-260291044377
https://doi.org/10.1007/s12223-018-0609-0
https://doi.org/10.1007/s12223-018-0609-0
https://doi.org/10.5772/intechopen.70326
https://doi.org/10.5772/intechopen.70326
https://doi.org/10.1007/s00374-005-0008-y
https://doi.org/10.1080/13102818.2018.1487337
https://doi.org/10.1016/j.tplants.2004.04.005
https://doi.org/10.1016/j.tplants.2004.04.005
https://doi.org/10.1017/S095375620500273X
https://doi.org/10.1007/s11557-014-1019-6
https://doi.org/10.1007/s11557-014-1019-6
https://doi.org/10.1007/s10482-015-0519-y
https://doi.org/10.1007/s10482-015-0519-y
https://doi.org/10.1007/s10295-012-1154-5
https://doi.org/10.1007/s10295-012-1154-5
https://doi.org/10.1016/j.ecoenv.2018.06.042
https://doi.org/10.1016/j.ecoenv.2018.06.042
https://doi.org/10.1016/j.envpol.2010.04.004
https://doi.org/10.1016/j.mycres.2009.06.001
https://doi.org/10.1016/j.mycres.2009.06.001
https://doi.org/10.1016/j.micres.2019.126328
https://doi.org/10.1016/j.micres.2019.126328
https://doi.org/10.16429/j.1009-7848
https://doi.org/10.1007/s13205-019-1746-0

	A potentially important resource: endophytic yeasts
	Abstract
	Introduction
	Diversity of endophytic yeasts
	Endophytic yeasts diversity in different plants
	Factors affecting plant endophytic yeasts community
	Application of endophytic yeasts

	Conclusion
	Acknowledgements 
	References




