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must name or distinguish the structures under a microscope by a
specialized website. The biotechnological techniques acquired at
the university promote among future professionals a new
perspective on clean production and the Disciplinary Learning
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Abstract- In order to meet the world food demand, agricultural
biotechnology techniques are oriented at the productivity of crops
in an efficient and sustainable manner. By linking society's
demands with academia's resources, this document aims to evaluate
the skills acquired by students in the field of microbiology during
the generation of basic and introductory knowledge of
microorganisms. The methodology included: Application of
biotechnology techniques and Disciplinary Learning Outcomes
evaluation. Results from the biotechnological process highlighted
the characterization of the three types of funguses, which are more
commonly found in soils: Trichoderma spp, Aspergillus spp,
Fusarium spp. The Disciplinary Learning QOutcomes evaluation
showed that students reached mainly the developing and developed
levels and a minimal part stayed at the level of excellence, since the
first phase of the process was mechanical with respect to the second
phase where the students must name or distinguish the structures
under a microscope by a specialized website. The biotechnological
techniques acquired at the university promote among future
professionals a new perspective on clean production and the
Disciplinary Learning Outcomes evaluation demonstrated their
usefulness both in the detection of weaknesses and as an input for
the curricular revision.
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1. INTRODUCTION

Recent studies on food demand and production have
shown that the world's population will increase by more than a
third (2,300 million people) between 2009 and 2050 [1],
consequently, in order to meet the demand for food, by 2050
global agricultural and livestock production is expected to
increase by 60% compared to 2006 [2], where 80 % of this
increase would have to be a result of increased crop yields and
a 10% increase in agricultural extension campaigns [3].

Therefore, the scientific community has developed
alternative techniques aimed at improving vyields and
productivity of crops in an efficient and sustainable manner,
such as agricultural biotechnology tools applied to the
improvement of plants, animals and microorganisms [4], in
particular oriented to plant protection through the use of
microorganism as biofertilizers or biocontrol agents [5]. As
the case of the fungus Trichoderma spp, used as an agent
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control pests and to stimulate the growth and development of
plants [6].

The linking of society's demands and academia resources,
it has generated mutually beneficial partnerships with ethical
and social responsibility for students, academia, and
community [7]. To this end, some mechanisms of
rapprochement have been identified, such as the formation of
advisory committees for university careers, with the objective
of following up on academic and societal compliance based on
the development of their professionals, which together with
constant monitoring of skills and abilities acquired by students
during their training generate inputs to improve the academic-
society relationship. These mechanisms have the purpose of
establishing what is desired in the professional field and the
competencies associated with it by the students [8].

In this sense, the Escuela Superior Politécnica del Litoral
(ESPOL) in its program of Agricultural and Biological
Engineering (ABE) offers a package of subjects where the
fundamental principles of biotechnology applied to agriculture
are taught: Microorganisms in the soil, morphological
identification, taxonomic codes, as well as different techniques
of ecological management through the use of biocontrollers.

In this context, this document aims to evaluate the skills
acquired by students in the field of microbiology during the
generation of basic and introductory knowledge of
microorganisms useful in biotechnological agricultural
processes.

II. METHODOLOGY

The methodology enclosed the analysis of two
components: the description of the microbiology techniques
(biotechnological tools) and the evaluation of the students
(eight) who attended the course, as detailed below:

A. Biotechnology Techniques

The laboratory practices (Fig. 1) were made at the Centro
de Investigaciones Biotecnoldgicas del Ecuador (CIBE), the
fungal and bacterial strains were isolated from soil samples of
the Forest Protector Prosperina of Guayaquil around ESPOL,
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since it is an area with an huge biodiversity such as animals,
plants and microorganism [9]. The samples were taken for an
specific area near to the trees, walked in zic-zac around
ESPOL forest, soil from 20 cm of deep was taken and store
into a plastic bag [10].
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Fig. 1 Localization of Forest Protector Prosperina with respect to the Guayas
province and Ecuador.

Regarding to the isolation process, the soil solution was
made using sterile distillate water under sterile conditions. It
was planting the soil solution in two ways: first serial dilution
until 10° and 100 pl put into petri dish with 10 mL of solid
papa dextrose agar (PDA) (Difco, Detroit, MI, USA); second,
it was also planting 1 mL of the same soil solution with 9 mL
of PDA at 40 °C, them individual strains were incubated at 28
°C (Fig. 2).
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Fig. 2 Microorganism isolation process at the Centro de Investigaciones
Biotecnologicas del Ecuador (CIBE).

Microscopic and taxonomic clades tools was made by
morphological identification as described previously [11],
[12]. Each strain growth usually at 28 °C from each strain the
mycelium was taken under sterile conditions and using a slide,

coverslips and methylene blue mycelium was distributed
around slide. Morphological structure was observed through
40X objective with ZEISS Axio Scope microscopy.
Characterization was made follow taxonomic clade described
in the international website repositories for every kind of
funguses into studio [13], [14], [15].

B. Disciplinary Learning Outcomes (DLOs)

The skills and abilities achieved by the students during the
academic training were regulated through the career
Disciplinary Learning Outcomes based on knowledge, skills,
and attitudes. The evaluation of DLOs represents an effective
tool in the diagnosis to improve and optimize the teaching-
learning process [8].

The evaluation of the Disciplinary Learning Outcomes is
done by using rubrics or matrices highlighted performance
levels (Initial, developing, developed, excellence) versus
performance criteria (Fig. 2) [8]. Based on this, it was
evaluated the ability to apply skills, tools and techniques
required in the agriculture engineering practice, according to
following criteria:

1. Identify the tools and techniques to be used to solve
the problem.

2. Apply modern tools and techniques for solving
the problem.

3. Analyze results and conclusions correctly.

Fig. 3. Career performance criteria.

To emphasize the relationship between the students'
abilities progress and the development of the course, it was
proposed to carry out the evaluation in two moments of the
academic semester to assess the next topics:

1) Microorganism isolation

2) Morphological characterization

III. RESULTS AND DISCUSSIONS

A. Biotechnology techniques

Mycoflora from ESPOL forest soil was analyzed via
dilute plate technique into laboratory practice. Several strains
were isolated, for the characterization process were selected
three kinds of funguses based on growth rate and change of
medium color. In order to characterize the funguses by
morphological observation, the students recognized structures
like hypha, phialides, conidiophores, conidia, chlamydospore,
and vesicle.

Morphological identification of the potential Trichoderma
strains was performed using the growth rate and
morphological structure; the students search the genus of the
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funguses using different free online repositories with
taxonomic clades.

From result three kinds of funguses were characterized.
Trichoderma spp. (Fig. 4), different species of this genus can
growth in all soil and decadent wood [16, 17]. Trichoderma
genus is known as biocontroller against different plant
pathogens like Aspergillus spp., Fusarium spp., Alternaria
spp., Rhizoctonia spp. [18].

Taxonomic knowledge of the use of beneficial fungus in
the agriculture is important based on different clades, as
beneficial fungus, several species of this genus can make
biocontrol action like 7. harzianum, T. viride, T. asperellum.
Furthermore, Trichoderma genus have mechanism of action
like mycoparasitism [19], antibiosis and competition by
nutrients and space [20]. But, morphological characterization
is the first step to reach species level.

Fig. 4 Strain of Trichoderma spp.

On the other hand, Aspergillus spp. was characterized by
microscopy observation follow typical morphological
structure of this fungi (Fig. 5), this genus include 200 species
[21]. Some species of Aspergillus are plant and human
pathogen by mycotoxin production, some of this species are
Aspergillus niger causal agent of black mold in fruit and
vegetables [22], Aspergillus fumigatus associated with the
seedling biodeterioration and human pathogen, Aspergillus
flavus causal agent seedling store with mycotoxin production
[23].

Fig. 5 Strain of Aspergillus spp.

Another known plant pathogen genus was isolated
Fusarium spp., (Fig. 6) some species are agent causal of
different diseases. Fusarium oxysporum f. sp. cubense is one
of the most aggressive plant pathogen in banana crops being
the causal agent of Panama disease [24]. Actually this is know
as dangerous species because produces one of the most
devastating diseases worldwide because it evolved into a new
breed that is known as F. oxysporum f. sp. cubense R4. In the
other hand, Fusarium oxysporum f. sp. lycopersici causal
agent of tomato crow and root rot [25]. However, one specie
of this genus can be used as biocontroller and it is knowed as
F. oxysporum [26].

Fig. 6 Strain of Fusarium spp.
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In order, to search any information of the microorganism,
like Trichoderma species the information is available in
(http://nt.ars-grin.gov/sbmlweb/fungi/keyData.cfm), in the
case of Aspergillus spp., the special website is
(http://www.aspergillus.org.uk), another important genus is
Fusarium spp., (http://www.fusariumdb.org).

B. Disciplinary Learning Outcomes

The microorganism isolation phase evaluation (Fig. 8)
showed for the criterion one that the 83 % of students reached
the developed level, since they identified only an specific
technique to be applied, and the 17 % of learners identified the
techniques incorrectly placing them in the developing level.
Criterion two revealed that the 8 % of the students were able
to apply the techniques of biotechnology excellently, instead in
the developed level the 75 % of student applied well the
techniques but still requires constant guidance after the
explanation and the 17 % of them make an inaccurate
application of the techniques (developing level). At the same
time criterion three registered that the 75 % of learners
interpreted the results and conclusions partially (developed
level) and the 25 % of them interpret the results and
conclusions without connecting the result with the solution of
the problem (developing level).
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Fig. 7 Disciplinary Learning Outcomes evaluation for microorganism
isolation

On the other hand, the evaluation at morphological
characterization of agents (Fig. 9), it was observed that in
criterion one the 25 % of the students are in the developing
level and the 75 % in the developed level, in the first case
students were not able to identified correctly the techniques
for applying at the practice phase and in the second case they

identified the techniques but in a partially way. While, in
criterion two was recorded that the 25 % of the students are in
the developing level, 37 % in the developed level and 8 % in
excellence, due they known how to apply all the techniques.
Finally, criterion three showed an increase in the population
(33 %) with respect to criteria one and two in the developing
level, and the difference (67 %) are in the developed level.

A more detailed analysis in both evaluations made visible
that students who are in the developing level are those who
attended the second semester of the program, hence, it can be
inferred that in the first career semesters students are more
tending to develop automatic mechanisms and with the
advancement of the academic process they reinforce other
types of skills such as autonomy in the teaching-learning
process. In particular, the second evaluation presented that the
students decreased their performance, since the first phase of
the process was mechanical with respect to the second phase
where the students must name or distinguish the structures
under a microscope using the tools of free online repositories.
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Fig. 8 Disciplinary Learning Outcomes evaluation for morphological
characterization of agent.

A general overview indicated that students reached
mainly the developing and developed levels and a minimal
part stayed at the level of excellence. Furthermore, it is
important to point out that the evaluation was carried out in
students between the second and fourth semesters of the ABE
program, however, the initial levels of technical knowledge
students showed a high performance in terms of acquired
skills.

Highlighting the importance of the Disciplinary Learning
Outcomes evaluation in the continuous improvement of
teaching-learning process, it was proposed in the restructuring
of the curriculum program that the microbiology course
should be move from the third to the fifth semester in order to
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promote an orderly continuation of the career by students and
to respond to the Consejo de Educacion Superior (CES)
request of making a curricular revision every five years [27].

IV. CONCLUSIONS

The biotechnology tools enabled the identification of
microorganism, as well as, the development of microscopy
and its applications using online tools. Consequently, the
morphological characterization was done by using specialized
free online repositories of the most important microorganism,
not only for the agriculture but also for pharmaceutical and
food industry.

The morphological characterization highlighted the
importance and feasibility of the beneficial microorganism’s
integration in the agricultural practices for a clean agriculture
development with the use of biocontrollers like: antagonism
microorganism as 7richoderma spp., natural controller of
pathogenic strains of Aspergillus spp., and Fusarium spp.
Furthermore, the utilization of secondary metabolites and
enzymes produced by these beneficial fungi is other
alternative, all inside of the biotechnology process.

The knowledge of the differentiating different funguses
present in the soils can help to the students to the
interpretation of the plant disease with the agent causal for
each microorganism, for making better decisions to apply
phytosanitary control through the use of biocontrollers agents.

These techniques acquired at the university promote
among future professionals a new perspective on clean
production, in response to society's demands for a sustainable
production. And also the knowledge of these tools allows
students to access to postgraduate programs at both national
and international levels.

The local reality was a good scenario for students to
acquire the knowledge of the profession, and develop their
skills necessary for the academy-community relationship.
Likewise, the enthusiasm shown by students in the practical
application of what was acquired in class facilitated the
learning process.

On the other hand, the continuous evaluation of learning
outcomes in students demonstrates their usefulness both in the
detection of weaknesses, where teachers can intervene
reinforcing the activities carried out in each unit through
autonomous work or participation at the laboratories practices;
and as an input for the curricular revision.
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