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Abstract

Recent studies have shown that endophytic yeasts benefit their host, which has stim-
ulated their use in different applications in agribusiness. The research has focused on
evaluating the effectiveness of handling these yeasts to solve problems such as biocontrol
of pathogens, plant growth and/or improvements in the quality of fruits and vegetables.
However, in order to obtain information that contributes to the selection and the imple-
mentation of a yeast able to interact with a broader spectrum of hosts and to help solve
postharvest problem:s, it is necessary to deepen the knowledge on the association of these
symbionts and to establish possible changes in the host, the issues that are covered in this
chapter. The results show that the endophytic yeasts can generate structural changes in
the host as a starting point for further applied research and to propose other mechanisms
of action.
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1. Introduction

The relationship between plants and microorganisms has been classified as a symbiosis;
however, when referring to endophytic yeasts, this association takes a mutualistic character.
While the plant is providing the yeast a propitious space to live, the yeast offers benefits
to the plant, which are mainly related to the biological control of pathogens, encouraging
their use as an alternative method for the management of postharvest diseases of fruits and
vegetables [1].

Nevertheless, the knowledge regarding the dynamics of host colonization by the endophyte
to understand this mutualistic relationship as well as the evaluation of the inoculated host is
still limited. Isaeva et al. [2] state that the research on endophytic yeasts has not been carried
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170 Old Yeasts - New Questions

out in a systematic way, so the existing information is incomplete. They also identify the need
to know the distributional patterns and biological properties of endophytic yeast, in order
to understand the ecological characteristics of these yeasts and propose solutions to various
postharvest problems.

The fact that endophyte yeasts can live in the host involves studying the dynamics of coloni-
zation within the host and establishing whether it is affected by providing a habitat for the
yeast surviving, so it is necessary to use alternative methodologies that allow visualizing both
the yeast and the host, as well as changes inside it.

Accordingly, the results obtained by implementing techniques of microscopy and magnetic
resonance imaging (MRI) in order to evaluate the interaction between a host and an endo-
phyte yeast are explained below. These pieces of evidence allow to deepen the knowledge
of this mutualistic relationship and to propose another mode of action of the yeasts in which
these indirectly contribute to prolonging the useful life of the host.

2. Endophytic yeasts and plants: a mutualistic action

Etymologically, the word endophyte means “within the plant.” This definition encompasses
a wide variety of residents and hosts, this last including bacteria, fungi, insects and algae
among others [3]. Among the definitions proposed for the term endophyte is “Fungus that
colonizes plant tissue without causing any immediate negative effect” [4]. Even so, some
authors consider that this definition excludes other microorganisms such as bacteria and
algae. In this context, Stone et al. [5] argue that a more wide-ranging definition should empha-
size the asymptomatic nature of the infection without taking into account a particular group
of organisms. That is why Petrini [6] explains endophyte from a topographical perspective:
“An endophyte colonizes and can live inside the living tissues of it is host without causing
damage.”

Xin et al. [7] ponder all these aspects and characterize endophytic yeast as: “Unicellular fungi
that reproduce asexually by budding—without a hyphal phase or with a reduced hyphal
phase —and can live in their host without generating apparent harm.” Pieces of research show
that these yeasts can be isolated from different parts of plants (see Table 1).

Yeast Isolated from References
Williopsis saturnus Maize (Zea mays L.) roots Nassar et al. [10]
Wild poplar strain 1 (WP1) Wild cottonwood (Populus trichocarpa) Xin et al. [7]
PTD 2 Stems of hybrid poplar (Populus trichocarpa x Xin et al. [7]

Populus deltoides)

Candida guilliermondii Heterograft tomato crop (HGTC) Celis et al. [24]

Table 1. Some endophytic yeast reported.
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In recent years, there has been an increase in research on how endophytic yeast benefits
the host; it has been established that in some cases, it contributes to the protection against
pathogens. Therefore, it is possible to use them successfully as agents for biological con-
trol [8, 9]. Also, some studies have shown that these yeasts foster the growth of plants by
means of bringing out auxins, as reported by Nassar et al. [10], who isolated the endophytic
yeast Williopsis saturnus and found that it is capable of producing indole-3-acetic acid (IAA),
a growth hormone. In addition, Zhao et al. [11] discovered that exogenous administration of
Pichia guilliermondii improved the postharvest lifetime and the quality of cherry tomato fruits
stored.

This association between plant and microorganisms is denominated symbiosis, a term coined
by Anton De Bary as: “The association, at least for part of its life cycle, between two or more
specifically different organisms” [12]. For the host plant, this relationship can be positive
(mutualism); neutral (neutralism), or negative (parasitism or competition). For the symbiotic
microorganism, the association can be positive (mutualism, commensalism, or parasitism),
neutral (neutralism), or negative when there is competition. A symbiosis is successful pro-
vided that it involves at least the following three events: (i) the symbiont’s entrance into the
tissues; (ii) their colonization and (iii) the expression of one of the symbiotic relationships
mentioned above. The symbiont must be able to have a relationship with the host to establish-
ing a compatible interaction, which implies that it overcomes or manipulates the host defense
system [13].

It has been verified that in the case of endophytic yeast, the association is closer to mutualism
than to parasitism [2] since yeast can bring to the plant several of the above benefits men-
tioned. On the other hand, yeasts as copiotroph organisms find in the host plant the nutrients
and the suitable environment for their development. Here the question is: how do you experi-
mentally identify whether an endophytic yeast is related in a mutualistic way to its host? It
could be answered if we adapt Sieber’s proposal [14] of using the Koch’s four postulates,
modified as follows:

1. The appearance of an endophyte should be associated with a benefit to the host.

2. The endophyte should be isolated from the tissue in which the benefit was observed and
grown in a culture medium.

3. The endophyte that has grown in the culture medium should generate the same benefit
when it is reintroduced into a host free of the endophyte.

4. Then, again the endophyte should be isolated from the experimentally inoculated host.

In order to identify new endophytic yeast, it is possible to apply these postulates experimentally.

Concerning asymptomatic colonization, characteristic of endophytic yeasts, Schulz et al.
[3] suggested a hypothesis in which the absence of negative symptoms is associated with
a balance of antagonists: host and endophyte. The endophytes have mechanisms to infect
and colonize the host; this, in turn, responds with its defense system. The balance between
the “infection system” and the “defense system” generates an asymptomatic interaction;
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if the balance is broken, diseases can occur for the host or death of the symbiont. However,
the verification of this balance, which is an experimental challenge, is not solved in the
study of endophytes yet.

3. Endophytic yeasts and their projection in agro-industry

During the postharvest period, the quality of fruits and vegetables is deteriorated due to dif-
ferent factors: manipulation and improper storage, metabolic events, and phytopathogen
attacks generating economic losses of more than 25% of the total production in industrialized
countries and more than 50% in developing countries [15, 16].

In the case of fruits, most of these losses are caused by the attack of several fungal pathogens,
controlled mainly with synthetic fungicides, which has generated concern regarding possible
health risks derived from the consumption of food treated with agrochemicals [17], as a con-
sequence, the demand of organic fruits and vegetables has increased. To deal with this need,
healthier and environmentally friendly strategies have been evaluated to control the attack of
plant pathogens and to maintain the quality of fruits and vegetables, in that context, microbial
antagonists, such as yeasts have emerged as a viable option [18].

To understand how the yeast can be used to solve this problem, we can identify different
interactions with the host and with the phytopathogen. In relation to the host, the yeast can
colonize the fruit surface for long periods; some of them produce extracellular polysaccha-
rides that contribute to the fruit survival and to restrict the growth of pathogens; they can
use nutrients from the environment and proliferate at a high rate. In addition, their activity
does not involve the production of toxic metabolites and are less affected by fungicides [1,
19]. When a yeast colonizes the internal tissues of the host without generating damage or is in
the interior contributing to lengthen its useful life, this kind can be classified as an endophyte.
These aspects make yeast a potential microbial agent able to control postharvest diseases.

In the interaction, the yeast with the phytopathogens is possible to determine different kinds
of interactions such as nutrients and space competition, mycoparasitism, secretion of antibi-
otics, lytic enzymes, and other antifungal compounds. The importance of any one mode of
action can vary between biocontrol systems (pathogen, yeast, and host).

Among all the yeasts” modes of action identified, the competition for nutrients and space is
considered the most common because yeasts have the ability to grow and survive faster in
the environment (host) than pathogens; thus, the bio-controlling activity is associated with
an increase in the concentration of the antagonist and a decrease in the concentration of the
pathogen [20]. In other cases, yeasts have the ability to adhere to fungal hyphae by restrict-
ing pathogen proliferation [21, 22], which is called parasitism and, in some cases, occurs with
the production of lytic enzymes, which help bring about degradation of the cell wall of the
pathogen. Other yeasts produce antibiotic compounds, case in which the control mechanism
is associated with the production of secondary metabolites that inhibit the growth of patho-
gens [23, 24].
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When studying the problem focusing on the host, it has been established that plants have the
capacity to defend themselves against pathogen attacks by triggering their defense system,
which can be activated by some yeasts; as a result, it is another way of action in which the
yeast helps indirectly to reduce the growth and development of the pathogen.

Punja and Utkhede [25] have stated that this process can take place through the production
of elicitors (signal compounds) or because of tissue colonization reducing the development
of the pathogen. They have pointed out what has been reported by some researchers that the
internal colonization of the tissues without causing apparent damage to the cells—character-
istic associated with the endophytic yeasts—triggers the defense system of the host.

The entomologists define biocontrol like “the control of the organism by other organism,” but
when we talk about control of plant’s diseases by yeast, the definition of biocontrol is wider
because the plant’s diseases are a process that involves three elements: pathogen, host, and
micro environment. Then, studying the use of yeast in this context implies studying the host
to and how this can change by the yeast action.

Therefore, in the case of studies on endophyte yeasts, it is necessary to characterize the
host surface and its inner for establishing if it is modified and if so, define the relation-
ship between the changes and the benefits. In regard to the production of elicitors, as a
mode of action in biocontrol, this can be understood like a process in which the yeast helps
the plant to activate its defense system against the attack of pathogens, however, the asso-
ciation between the induction of the defense system and the endophyte yeasts is not fully
understood.

These aspects should also be taken into account when evaluating situations in which an endo-
phyte yeast colonizes its host, generating in this one a different benefit from biological control.
In approaching the problem from this perspective, it is possible to obtain additional informa-
tion from this mutualistic relationship, which allows proposing solutions to practical prob-
lems associated with the postharvest period.

Recent investigations on the yeast Candida guilliermondii isolated from a heterograft tomato
crop (HGTC) in Sogamoso (Boyaca, Colombia) have shown that it is able to colonize its host
without generating damage to the cell walls; on the contrary, it delays loss of water; in addi-
tion, its effectiveness in biological control against Rhizopus stolonifer was determined [24].
These results, together with the definition of endophyte, allow us to classify this yeast as an
endophyte yeast of interest in agro-industry, due to the possibility of using it in a promising
way to prolong the useful life of its host.

Indeed, this endophytic yeast contributes to lengthening the useful life of its host and also can
be used as an antagonist offers the possibility of using it to study this mutualistic relationship
and obtain information that allows solving problems associated with the postharvest period,
such as fruit quality, storage, and phytopathogen biocontrol.

However, the following questions arise: is it possible that as a result of the endophytic yeast-
host interaction, changes will occur in the host? What can these changes be? Are there new
modes of action of these yeasts in activating the plant defense system?
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Searching for answers to these questions is possible to implement alternative methodologies
that allow researchers to assess the dynamics of yeast colonization, identifying and quantify-
ing changes in the host, and to propose another mode of action of the endophytic yeast.

4. Evaluating the action of an endophyte yeast on its host

Traditionally, to check the efficiency of a microbial antagonist and/or to evaluate a coloniza-
tion process, the researchers quantify the number of microorganisms present in a plant in
terms of colony forming units (CFUs). To get such measurements, it is necessary to dilute the
sample, take an aliquot of it and, finally, transfer it to an appropriate medium that allows the
microorganisms to grow in visible colonies [26-28].

Other investigations have proposed the direct observation of endophytic yeasts inside the
plant tissues using microscopy techniques. For instance, Isaeva et al. [29] studied the dis-
tribution and species diversity of yeast in the storage tissues of fruits, seeds, and roots and
found that the yeast cells were most often located in the intercellular space or in cells with
intact membranes. These results suggest that internal storage tissues of plants are usu-
ally habitats of yeast and can be used as a model for studies of coevolving plant-microbe
associations.

Nassar et al. [10] used light and transmission electron microscopy to observe maize root inoc-
ulated with W. saturnus and stained with 0.1% toluidine blue. The images show the distribu-
tion of yeast cells within the root cortex, intercellular spaces, and xylem vessels.

On the other hand, it is possible to characterize, with a vertical resolution of 10 m, the topog-
raphy of fruits and vegetables from the observation of tissue samples using the atomic force
microscope (AFM) [30, 31]. This methodology has also been used to evaluate the formation
of antimicrobial films [32]. For their part, Isaacson et al. [33] evaluated the biomechanical
properties as well as the resistance to microbial infections of tomato fruit cuticles. Because
of its resolution, this microscope can be used to visualize the cell surface topography and to
determine cell wall nanomechanical properties of yeast mutants [34].

In addition, evaluating the interaction of endophytic yeasts with their hosts—and taking into
consideration the definition of endophyte—implicates characterizing both the surface and
the interior of the host, yet it is necessary to use different methodologies from the traditional
ones. From this perspective, MRI offers a non-destructive and non-invasive technique that can
be used to obtain two-dimensional images of fruits and/or vegetables from which it is pos-
sible to evaluate in vivo changes inside, changes that take place as a result of own metabolic
processes during the development and/or maturation, or associated with modifications by
external agents [35-38].

According to the preceding points, the use of microscopy and MRI makes it possible to char-
acterize qualitatively and quantitatively the host changes by the endophytic yeast action, pro-
viding information that can contribute to understanding this mutualistic relationship and to
think about other conceivable action modes. Below are some of the results found when using
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these methodologies; for its implementation, and according to Koch's postulates, the tomato
fruit was used as a host, and it was inoculated with the endophytic yeast C. guilliermondii.

4.1. Formation of endophytic yeast biofilms

Atomic force microscopy (AFM) enables researchers to study at a nanometric scale the dis-
tribution of endophytic yeast on the host surface as well as the topographic changes in it.
Although plant tissue samples are commonly used for the implementation of this methodol-
ogy, surface modifications are not only brought about by the external agent action (endo-
phyte) but also come from the different tissues that make up the host’s interior. Because of
that, whole tomato fruits were used to evaluate the topography and to analyze before and
after inoculation by being sprinkled with yeast C. guilliernondii. This methodology allows the
researchers to study in vivo the time-related evolution of the colonization process evaluating
images—taken both in contact mode and in intermittent contact mode —of the host surface.

The 3D images of the uninoculated whole fruit (zero time) surface, taken in contact mode,
show that its topography is not homogeneous since it has ridges and valleys whose average
value is 700 nm from the center line. It is also possible to observe bright areas associated with
the epicuticular waxes, as shown in Figure 1a. From these images, it was determined that the
average surface roughness was 240 nm.

050 um
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Figure 1. Images of the host surface (uninoculated fruit) obtained by AFM. (1a) 3D image taken in contact mode; the
epicuticular waxes are shown in red, the vertical scale corresponds to 0.5 um. (I1b) 2D image of the surface taken in
tapping mode. (1c) Phase map. (1d) In the histogram phase for the surface of the host, there is only one phase whose
value is between 120 and 135°.
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The topographic characterization of the host obtained from the images taken in contact mode
plus the images of the surface taken in tapping mode or intermittent contact (measuring the
phase difference between the signal received when the microscope tip does not interact with
the sample and the one received when the tip interacts with the sample—tap), allow to obtain
information about changes in the local properties of the surface.

Figure 1b shows the two-dimensional image of the surface of the uninoculated fruit taken
in tapping mode; Figure 1c, its corresponding map, and Figure 1d, its histogram phase. The
results indicate that the surface has only one phase corresponding to host surface.

From the topographic images obtained 5 hours after inoculating the fruit with the yeast, it is
determined that on the surface some areas associated with yeast clusters randomly appears,
whose average height to the midline is 1600 nm (see Figure 2a). In the images of the host sur-
face taken in tapping mode, areas of similar characteristics are observed, both in the 2D image
and in the phase map (see areas surrounded by circles in Figure 2c).

It should be noted that the value of the phase for the yeast clusters is between 80 and 90°, a
result that differs from host surface before inoculation. Additionally, the histogram phase
reveals two different phases on the surface: one associated with the yeast and another associ-
ated with the surface of the fruit.

Finally, 72 hours after inoculation, the surface of the host does not present clusters as the ones
described above; on the contrary, less roughness is seen, suggesting that the yeast has been
colonizing and homogenizing the surface of the host (see Figure 3a). When calculating the
roughness parameter, it is found that it has decreased to a value of 120 nm.

Concerning the map and the histogram phase, only one phase appears again, but now the
value of this parameter is between 80 and 95°, for the same as the yeast clusters. This indicates
that the endophyte adhered to its host formed a biofilm.

Figure 2. Host surface images taken 5 hours after inoculation with C. guilliermondii endophytic yeast. (2a) 3D Image
taken in contact mode, the vertical scale corresponds to +0.5 um. (2b) 2D Image of the surface taken in tapping mode. (2c)
Phase map. (2d) In the histogram phase, the two peaks confirm that the surface of the host has two phases.
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Figure 3. Host surface images obtained 72 hours after inoculation. (3a) 3D Image taken in contact mode, the vertical scale
corresponds to +0.5 um. (3b) 2D Image of the surface taken in tapping mode. (3c) Phase map. (3d) In the histogram phase,
only one phase associated with the yeast is detected.

The assessment of the host’s topography allows asserting that the endophytic yeast modifies
its host, reducing its surface roughness, which implies a lower adhesion of phytopathogens.
In relation to the images captured in tapping mode, the results are visible how the endo-
phytic yeast adheres to its host forming a biofilm that contributes to water retention inside
the host.

4.2. Dynamics of colonization within the host

As stated by the Petrini’s definition [6] “An endophyte colonizes and can live inside the living
tissues of its host without causing damage,” the evaluation of optical microscopy images of
transverse sections of the host inoculated with the yeast enables researchers to establish if a
yeast effectively is included in this definition.

In addition, this methodology allows assessing the colonization dynamics with the purpose
to determine the pathways of the yeast and its average speed of migration into the host’s, as
well as to identify possible damage in the plant tissue and/or modifications in its structures
by the endophytic action. Following the methodology proposed by Infante, Marquinez, and
Moreno [39], cross-sectional images of the host can be obtained for each time after inoculation,

177



178 Old Yeasts - New Questions

in which the plant tissue and the yeast are simultaneously visualized, making it possible to
determine the aforesaid parameters.

Figure 4 shows transverse cuts of the fruit rind inoculated with the yeast at different times
after inoculation. In the control samples, the presence of endophytes is not observed. In con-
trast, in the inoculated samples, an increase in the number of yeasts found on the surface of
the host is observed over time: in the epidermis, yeasts are observed 8 hours after the inocula-
tion, and in the parenchyma, after 22 hours.

The images display the absence of lesions in the tissue both in the outer cuticular layer and
in the cells of the epidermis and parenchyma. In relation to the yeast’s pathway into the host,
it is possible to establish that this endophyte, after entering, moves along the cuticular layer
and then travels via apoplast, in a linear order, occupying the intercellular spaces of both the
epidermis and the parenchyma as well (see Figure 4d).

The presence of yeast inside the host 72 hours after inoculation proves that it provides the
yeast with nutrients and adequate conditions to survive, which confirms the notion of a mutu-
alistic relationship between the endophytic yeast and the plant.

Additionally, changes by the action of the endophyte yeast in the host structures were evalu-
ated. The results reveal an average decrease of 3 um in the thickness of the outer cuticular
layer of the bark of the tomato fruit inoculated in comparison with that of the control fruits.
The outcomes are shown in Figure 5. The decrease in the cuticular layer thickness implies an
upsurge in density, which favors the retention of water inside the fruit.

Simultaneous observation of inoculated tissues and endophyte yeasts looks into a new
approach to assessing this mutual symbiosis identifying the benefits for the symbionts
involved, taking into account the structural changes in the host as well as the yeasts paths and
distribution patterns.

External
cuticular
layer

Subepidemal
parenchyma

Figure 4. Cross-sectional images of tomato fruit stained with Toluidine blue, different times postinoculation. (4a) Control
sample; (4b) 22 hours; (4c) 48 hours; (4d) 48 hours.
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Figure 5. It measured the thickness of the outer cuticular layer of the tomato fruit rind to different times postinoculation.
The differences in thickness between the control fruits and the inoculated ones are statistically significant.

4.3. How an endophytic yeast modifies the interior of its host

The results reported in relation to the yeast C. guilliermondii have shown that it adheres to the
host forming a biofilm and colonizes its interior without causing damage to the cell walls.
Instead, it contributes to decreasing both the phytopathogens attacks and the water loss. As
this is an endophyte yeast, it is interesting to identify changes in the internal structures of
the host and its relation to the benefits that it receives, with the intention of deepening the
knowledge of this symbiosis.

To study these alterations, it is advisable to use magnetic resonance imaging (MRI)—a
non-invasive technique—which enables investigators to see changes in vivo inside the host
triggered by the endophyte’s action, as in the case of the modifications that happened in
the tomato fruit inoculated with C. guilliermondii. On the minus side, MRI does not permit
researchers to observe simultaneously the host and the yeast—unlike the techniques of MRI
microscopy —since in this case, the scale resolution is the tenth of a millimeter.

The main advantage of this technique is the possibility to obtain images weighted by differ-
ent parameters—relaxation times (T2), proton density, and diffusion, among others—which
correspond to the characteristics of the evaluated system. With the aim to see the temporal
evolution of the host, images of tomato fruits inoculated by sprinkling with the yeast C. guil-
liermondii were taken at different times after inoculation.
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Changes in the dimensions of the host were evaluated. The results obtained indicate that the
most affected fruit region by the yeast is the pericarp; also, the diameter of the inoculated
fruits decreases more slowly; however, the pericarp thickness diminishes more in comparison
with the control fruits (Figure 6). This suggests that there are structural changes by the action
of the endophyte in this region of the fruit, which can contribute to water retention and, as a
consequence, delay the loss of turgor. This is the reason why the decrease of its size is slower
compared with the control fruits. Nevertheless, it is necessary to evaluate parameters such as
relaxation time (T2) and mobility to confirm these assertions.

With the propose of establishing the biochemical changes within the host, T2-weighted images
were taken; the results indicate differences in the values associated with this parameter for the
different regions of the fruit (see Figure 7). It was also found that T2 decreases in both control
and inoculated fruits, signifying molecular variations associated with postharvest processes.
However, this decrease occurs in the inoculated fruits more rapidly, which evidences lessen-
ing of mobility due to molecular modifications inside the fruit.

Finally, the diffusion-weighted images allow establishing changes in the mobility of mole-
cules, which is a fundamental aspect in this case because the yeast helps to retain water inside
the host. From the obtained images, the apparent diffusion coefficient (ADC) was calculated.
It is lower in the pericarp region of the inoculated fruits than for the control ones, which indi-
cates that the host is modified by the action of the endophyte, reducing the movement of the
water molecules inside. This result, combined with that reported for the T2 parameter, allows
to state that in the fruits inoculated with the yeast the water molecules present in the pericarp
region are surrounded by different molecules that limit their mobility.

Evaluating the images obtained by MRI, it is possible to sustain that the endophytic yeast
modifies the interior of the host; in the case of the inoculated tomato fruit, a decrease in its
thickness was observed for the pericarp region in comparison with the control fruits, fact that

6 mm
4 mm

Pericarp

Figure 6. High-resolution images of a cross-section of the inoculated tomato fruit. (6a) Zero time. (6b) 14 days
postinoculation.
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Figure 7. T2 map in a cross-section of the fruit. High values of T2 (more than 250 ms) specify zones with water molecules
that can move easily; on the contrary, low values (70 ms) indicate the presence of different molecules.

correlates with biochemical changes that help to reduce the mobility of the molecules in this
region. These aspects together favor the retention of water inside the host contributing to
maintaining the quality of the fruit.

5. Another approach on endophytic yeasts” action

Reported research has shown that endophytic yeasts can be used in different agro-industrial
applications contributing to host and/or pathogen control improvements, however, some
aspects remain unclear. For instance, the way the yeast triggers the defense system in the host,
where the relationship between the elicitors and the antagonist provides a field to be explored.
Another aspect that has drawn attention is the formation of biofilms and how these can be
used to improve biological control [16]; additionally, it is necessary to evaluate the changes
produced in the host by the yeast’s action and its incidence. All of them are topics that to date
have been little explored.

The relationships established between yeast, pathogen, host, and metabolic changes that
occur in the host during the postharvest period allow to understand the plant-endophyte
mutualistic association and define other modes of action.

Evaluating these relationships focusing on the host, it was found that the metabolic processes
associated with the postharvest period —such as starch degradation, water loss, and disas-
sembly of cell walls—lead to changes that affect the quality of the product. Concerning its
interactions with pathogens, these colonize the host generating various diseases, to which the
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host can respond by activating its defense system and producing antifungal compounds. On
the contrary, their relation with the endophytic yeasts is of mutualistic character, since these
generate a benefit for the host while it offers to them optimal conditions for their survival.

The relationships described above are shown in Figure 8; the arrows indicate direct interac-
tions; however, when it comes to endophytic yeasts, it is necessary to consider indirect rela-
tionships, in which the yeast can modify its host generating benefits in it, helping solve some
of the postharvest period problems.

In the previous section, the results obtained when evaluating changes in the host (tomato
fruit) by the action of the endophyte yeast (C. guilliermondii) were presented. Using atomic
force microscopy (AFM), it could be established that the surface roughness of the inoculated
host diminishes when a yeast biofilm is formed, besides it contributes to retaining the water
inside the host prolonging its useful life.

On the other hand, when the samples inoculated with the yeast were evaluated by optical
microscopy (OM), it was determined that the thickness of the outer cuticle layer showed an
average decrease of 3 um in comparison with the control samples, suggesting an increase in
the density of the same and, therefore, changes in its permeability.

It should be noted that in relation to cuticle evaluation and its function in resistance to phyto-
pathogens, Curvers et al. [40] studied a mutant of tomato (Solanum lycopersicum) with reduced
abscisic acid (ABA) production, and established that it presents increased resistance to the
necrotrophic fungus Botrytis cinerea. They further compared the thickness of the cuticle of the
mutant with that of other evaluated tomato fruits, identifying that the cuticular layer of the first
one presents a decrease in the thickness, which favors the signaling processes.

ENDOPHYTIC YEAST
iy I Competition
I for space
and nutrient
Provide nutrients and I Colonization
stable environmental Promote plant growth
conditions I Resistance induction
I Production
of secondary
I metabolites
+ A 4
=T v
Dehydration Disease
Cell wall disassembly —
POSTHARVEST PERIOD > ) PATHOGEN

Antifungal compounds.
Systemic resistance

Figure 8. Interactions between host, yeast, pathogen, and postharvest processes. The blue arrow indicates a yeast-host
mutualistic relationship; the question mark points to a possible indirect relationship between the yeast and postharvest
period.
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Previous studies about yeast C. guilliermondii determined its effectiveness in the control of
Rhizopus stolonifer and its production of secondary metabolites; this outcome together with
the results found by means of microscopy techniques allow to affirm that the effectiveness of
an endophyte yeast in the biological control could be associated with more than one mode of
action, one of which may be related to structural changes in the host by action of the endophyte.

Lastly, from MRI, it was determined that with respect to the control fruits, in the fruits inocu-
lated with the endophytic yeast appear a decrease both in the thickness of the pericarp and in
the mobility of the molecules present in this region of the fruit; changes that favor the reten-
tion of water inside. Figure 9 shows the modifications generated in the different structures of
the host by the action of yeast and its relation to the observed benefits.

According to the abovementioned determination, it is possible to highlight several aspects
that contribute to deepening the knowledge of endophyte yeasts and their use in the search
for solutions to problems typical of the postharvest period.

The first one refers to the fact that the endophyte yeast colonizes not only the surface of the
host but also enters into it and remains inside it without causing damage: evidence of the
mutualistic relationship between the symbionts.

In addition, from the results found, it is possible to propose another mode of action of the endo-
phytic yeasts: they generate propitious structural changes in the surface and the interior of the
host, which reduce phytopathogen attacks and loss of water. Therefore, it can be said that the
endophytic yeasts could be used to help solve some of the problems relevant to agro-industry.

The endophytic yeast
modifies its host reducing

its surface roughness,

which implies a lower
adhesion of phytopathogens
due to the decrease of the
contacting surface area.

The thickness of the

outer cuticle layer

showed an decrease
suggesting an increase

in the density of the

same and, therefore,
changes in its permeability
which favors the

signaling processes.

In the fruits inoculated with

the endophytic yeast appear
adecrease both in the thickness
of the pericarp and in the mobility
of the molecules present in this
region of the fruit; changes that
favor the retention of water inside.

Figure 9. Physical modifications in the host (tomato fruit) by the action of the endophyte yeast (C. guilliermondii).
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It is noteworthy that this mutualistic coexistence of plant-endophytic yeast can be applied to
develop healthy and friendly alternatives that are advantageous to the environment, offering
organic food to the consumers and avoiding the use of agrochemicals and genetic engineering
intended to enhance the quality of fruits and vegetables.

6. Conclusion

This chapter shows a new way to understand the endophytic yeasts, analyzing variations
in their host looked through microscopy and the magnetic resonance imaging. The results
confirmed the Petrini’s definition: “An endophyte colonizes and can live inside the living tis-
sues of its host without causing damage” additionally —observing the inoculated host— it is
thinkable to propose a new mode of yeast action in which the physical characteristics of the
surface and the inside of the host change by the action of the yeast, contributing to improve
their quality during the postharvest period, without causing health problems to the humans
beings, because by this way the use of chemicals to control phytopathogens is avoided.

The new information about endophytic yeast opens the possibility to new researches: how the
host “understand” that this microorganism is good for it?; how is the process in the host that
allows the entry of the endophytic yeast?; how can this kind of yeast be used to obtain organic
products in order to improve the health?; how does the biochemical environment of the host
changes by the yeast?

I hope that these new methodologies and information about the endophytic yeast contribute
to solve these questions.
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