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ABSTRACT

The agricultural, ecological, and social importance of seeds as genetic material
enables their conservation in seed banks (SB); these must have adequate
infrastructure, techniques, and methodologies to prevent the loss of seed viability.
However, different communities play an important role in maintaining local seeds
in community seed banks (CSB). This case study was conducted at the CSB of the
Agroecological Producers Association (APA) Azuay, located in the city of Cuenca,
Ecuador, and aimed to determine the functionality of the CSB APA Azuay based on
the current state of biodiversity and its influence on its members. A database was
generated using information collected from the CSB and surveys conducted with
participating members. The results showed that the CSB has limited richness and
Alpha biodiversity, as the Shannon-Weaver and Simpson indices showed medium-
low range values; furthermore, APA Azuay members were already conserving seeds
before joining the CSB; however, the increased demand for popular crops such
as corn and beans has led to genetic erosion. This study concludes that the CSB
does not fully fulfill the functions for which it was created, either due to the low
biodiversity of seeds or the limited relevance it has had for its members; therefore,
it is necessary to improve the infrastructure and techniques for maintaining and
conserving genetic material.

Keywords: Agrobiodiversity, agroecology, creole seed, germplasm
RESUMEN

La importancia agricola, ecoldgica y social que tiene la semilla como material
genético permite que sea conservada en bancos de semillas (BS), estos deben
contar con infraestructura, técnicas y metodologias adecuadas que eviten la
pérdida de viabilidad de la semilla. No obstante, distintas comunidades cumplen
un rol importante al mantener semilla local en bancos comunitarios de semillas
(BCS). Es asi como este estudio de caso se llevd a cabo en el BCS de la Asociacion
de Productores Agroecoldgicos (APA) Azuay, ubicado en la ciudad de Cuenca,
Ecuador, y tuvo como finalidad determinar la funcionalidad del BCS APA Azuay a
partir del estado actual de biodiversidad y de la influencia que ha tenido en sus
integrantes. Se generd una base de datos a través de informacion levantada en el
BCS y de encuestas realizadas a miembros-participantes del BCS. Los resultados
demostraron que en el BCS la riqueza y biodiversidad Alfa son limitadas, puesto
que el indice de Shannon-Weaver y el de Simpson mostraron valores de rango
medio-bajo; ademas, los miembros de APA Azuay ya conservaban semillas antes
de ser parte del BCS, sin embargo, el aumento en la demanda de cultivos populares
como maiz y frijol ha dado paso a la erosion genética. Con este estudio se concluye
que el BCS no cumple por completo las funciones para las que fue creado, ya sea
por la baja biodiversidad de semillas o por la poca relevancia que ha tenido para
sus integrantes; asimismo, es necesario mejorar la infraestructura y las técnicas
adecuadas para el mantenimiento y conservacion del material genético.

Palabras clave: Agrobiodiversidad, agroecologia, germoplasma, semilla criolla
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INTRODUCTION

Plant germplasm is conserved in different banks, with seed
banks (SB) being among the most important (Li et al.,
2017; Camadro & Rimieri, 2021), as they maintain the
purity and viability of the conserved seeds (Khoury et al.,
2022). These sites are considered sources of agricultural
diversity due to the quantity of species and seed varieties
they contain, and because the seeds preserved here have
agricultural, ecological, social, and economic importance
(Nankya et al., 2022; Quazi, Golani & Martino Capuzzo,
2021). However, SBs must meet certain conditions for
adequate storage that allows for the slowing of seed
metabolism and, therefore, greater longevity (Latifah et
al., 2019; Haj Sghaier et al., 2022).

There are records of 1,750 SBs globally, where hundreds
of thousands of seeds from different species are conserved
(Walters & Pence, 2021). Similarly, non-governmental
organizations have funded their construction in rural
areas and communities (Vernooy, Rana, Otieno, Mbozi
& Shrestha, 2022). These latter ones, called community
seed banks (CSB), have the capacity to manage genetic
resources; additionally, they integrate knowledge and
practices of conservation and use (Garcia Arenas & Barrera
Montealegre, 2013; Vernooy, Shrestha & Sthapit, 2015;
Gallardo, 2019). CSBs avoid dependence on external
seed sources, thus allowing the conservation of genetic
resources of crops threatened by the introduction of
external seeds (Maharjan, Gurung & Sthapit, 2013). These
banks promote the collection of native and indigenous
seeds, which have been selected, improved, and adapted
by farmers. Furthermore, they increase productivity,
which influences self-sufficiency through the opportunity
to share and exchange material with other localities (Rivas
Platero, Rodriguez Cortés, Castillo, Hernandez Hernandez
& Suchini Ramirez, 2013).

The implementation of a CSB within a framework
of agricultural biodiversity and food security at the
community level is functional (Ramirez Garcia, Camiro
Pérez, Ramirez Miranda & Espejel Garcia, 2017), because
associations of small farmers conserve, exchange, and
allow the circulation not only of genetic material but also
of knowledge (Trusiak, Plitta-Michalak & Michalak, 2023;
Arenas Calle, Cardozo Conde & Baena, 2015). The Center
for Education and Technology (CET) has established several
CSBs in Latin American countries, which validate the first
guide developed by the International Foundation for Rural
Advancement (Garcia Arenas & Barrera Montealegre,
2013). In Brazil, CSBs proved to be effective during times
of drought, leading to the creation of the Seed Network
that connects 230 SBs in 61 municipalities. Similarly,
Biodiversity International promoted the creation of CSBs
in Bolivia, where, apart from sharing knowledge about
seed conservation and health, they also share information
regarding soil fertility (Pafitrur-De la Fuente, Ibanez,
Ledn, Martinez-Tilleria & Sandoval, 2020).

Meanwhile, in Ecuador, the Organic Law of Agrobiodiversity,
Seeds, and Promotion of Agriculture mentions that its
purpose is the protection, conservation, management,
and use of agrobiodiversity, the strengthening of the
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National Germplasm Bank and the bioknowledge centers
of plant genetic resources, as well as strengthening
the use, conservation, and free exchange of native and
traditional seeds (FAO, 2017). Aligned with this law, the
National Institute of Agricultural Research (INIAP) has
created the largest germplasm bank in the country, which
is responsible for the conservation and use of Ecuadorian
agrobiodiversity (Monteros et al., 2018). It maintains
around 30 thousand accessions of 290 genera and more
than 500 species of cultivated plants and their wild
relatives (Zambrano, 2020). Similarly, other institutions,
mainly academic ones, house approximately 6,719 species
and varieties of seeds (INIAP/FAO, 2017).

The APA Azuay CSB was inaugurated in 2020 by the
Association of Agroecological Producers of Azuay (APA),
who manage the seed bank, with the support of the
Ministry of Agriculture and Livestock (MAG) and the Heifer
Foundation, in order to have a SB of local species of
agricultural importance as a reserve of genetic diversity.
Additionally, producers and the general public can access it
through seed exchange and multiplication. Understanding
the importance of a SB within a community and its work
in conserving, restoring, and maintaining agricultural
biodiversity will allow for expanding the number of
species and varieties of seeds in these spaces (Hossain
& Begum, 2015). Therefore, the objective of this case
study was to determine the functionality of the APA Azuay
community seed bank based on the current state of: (1)
the biodiversity of seeds of local agricultural importance
and (2) the influence it has had on its members since its
foundation.

MATERIALS AND METHODS

This study was conducted at the APA Azuay CSB, which is
located within the urban periphery of the city of Cuenca, Azuay
province, Ecuador (Figure 1). The city is situated at 2,560
meters above sea level, has a humid mountain climate, with
an annual average temperature of 16°C, annual precipitation
of 900 mm, and relative humidity of 84%. The collection of
information was carried out during the first semester of 2023
from APA Azuay members who sell their products in public
markets of the city of Cuenca and have also made some
contribution to the CSB under study.

Figure 1. Geographiclocation of the APA Azuay Community
Seed Bank in Azuay province, Ecuador.
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A database of all seed samples preserved on the
shelves of the CSB was developed. The information was
obtained by recording the data present on the labels
of each sample (jar). It should be noted that the seeds
are kept in glass jars of different designs and sizes, with
their respective identification label that includes family,
genus/species, common name, organization/producer/
donor, collection location, collection date, and storage
code. These jars are organized by taxonomic families on
wooden shelves, in a cool place at room temperature.
For the second part, surveys were conducted only with
members of the APA Azuay association who sell their
products in different markets of the city and who have
made some seed contribution to the CSB (n= 60). The
questions posed were:

1. For what purpose would you exchange seeds?

2. What do you do with the conserved seeds?

3. What seeds have you conserved?

4, What seeds have been lost over time?

5. Why do you think seeds have been lost?

6. Did the creation of the SB motivate you to conserve
seeds?

The research was descriptive with quantitative and

ordinal qualitative variables. To meet the stated objective,
biodiversity and richness indices of the seed species that
exist in the CSB were calculated. The calculated indices
were: Richness (r), Simpson (D), and Shannon-Weaver
(H"). Subsequently, the quality, health, and quantity of
seeds were analyzed. Physical quality was classified as:
good condition (clean and intact seeds), fair (presence
of impurities, moisture), and poor condition (shows rot).
A count was also made of seed samples that presented
fungi or pests (contaminated). For the quantity of seeds, 4
ranges were established: very low (1-50 seeds), low (51-
100 seeds), medium (101-500 seeds), and high (more
than 500 seeds). Additionally, the condition of the seed
container jars was recorded. Finally, the six questions
posed in the survey to participating members of the CSB
were analyzed descriptively.

For the analysis of the results, biodiversity indices of the
CSB were calculated following the methodology of Guo
et al. (2022), and bar graphs were created representing
in percentages the current state of the seed bank.
Additionally, the survey results were visualized using
radar graphs to facilitate their interpretation. All statistical
analyses and graphical representations were performed
using the RStudio integrated development environment
(IDE), with the support of the BiodiversityR library (R Core
Team, 2023).

RESULTS AND DISCUSSION

The APA Azuay CSB is relatively young but has not
evolved since it was inaugurated. The seeds collected
upon its opening have registration from June 2020, no
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more samples have been added, and those found in this
bank come from few localities; furthermore, it was verified
that the quantity is reduced, despite the fact that this
CSB’s mission is to store vegetable seeds and agricultural
varieties that come from Azuay. It should be noted that
a CSB needs to have a physical space with infrastructure
and adaptations that allow for controlling temperature and
environmental humidity conditions (Bhusal et al., 2020).

Table 1 reflects the origin and quantity of seeds. A total
of 174 seed samples have been recorded, whose origin
corresponds to eight cantons of Azuay. Among these,
Cuenca is the canton with the highest quantity of seeds;
21 different localities were counted in the CSB, from which
there are 10 different species. Likewise, the Nabon canton
registered 22 seed samples in the CSB with three different
species, followed closely by Santa Isabel with two localities
and 17 samples of 5 species. In contrast, the least seed
origin was from Gualaceo, Paute, Sigsig, San Fernando,
and Pucara with only one locality each. It should be noted
that all samples were registered in the CSB in June 2020.

The indices of richness and Alpha biodiversity by species
obtained for the CSB generally indicate that there is not
a varied amount of taxonomic families. The first richness
index (r) was 15, which means that there is not a large
number of species; this is reflected by the Simpson index
(D), whose value of 0.72 demonstrates that its dominance
is medium. Similarly, the Shannon-Weaver index (H’)
revealed that biodiversity in this CSB is medium-low, since
its value was 2.49 (Table 2). These results demonstrate
that there are not abundant species and the diversity is
not sufficiently conducive to fulfill its purpose, considering
that what was mentioned previously is one of the functions
of any SB and much more when it depends on the care of
native, indigenous seeds adapted to the conditions of a
specific locality (O’'Donnell & Sharrock, 2018; Latifah et
al.,, 2019; Renard, Mahaut & Noack, 2023).

Figure 2a of abundance by family reflects that seven
botanical families were recorded in the CSB. Of these,
Leguminosae (Fabaceae) was the family with the highest
quantity of conserved seeds, exceeding 100 seeds,
followed by Gramineae (Poaceae), which reached 44 seed

Table 1. Number of samples and seed species by canton
and collection sites in the province of Azuay present in
the CSB.

Canton Sites No. Samples No. Species
Cuenca 21 121 10
Gualaceo 1 8 2
Nabon 1 22 3
Paute 1 4 2
San Fernando 1 1 1
Santa Isabel 2 17 5
Sigsig 2 2 2
Pucara 1 1 1
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the APA Azuay Community Seed Bank.

Indices Represents Value Source
Richness (r) Species richness 15 (Chao, 1987)Journal of Wildlife Management 31, 87-96
Simpson (D) Dominance 0.72 (Simpson, 1949)
Shannon-Weaver (H’) Biodiversity 2.49 (Shannon y Weaver, 1949)
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Figure 2. Seed abundance in the CSB. a) By family, b) By species.

samples deposited in the CSB. These families are found
in high numbers compared to the rest, as they are the
basis of the diet in the Andean zone of Ecuador (INIAP,
2018). The Cucurbitaceae show a low quantity of stored
seeds with 12 samples in the CSB. In contrast, the families
Amaranthaceae, Muntingiaceae, and Juglandaceae have
4, 3, and 1 sample respectively in the CSB. Likewise, in
abundance by species, Phaseolus vulgaris (bean) was
the seed with the highest number of samples in the CSB,
followed by Zea mays (corn); each of these presented
different varieties. Vicia faba is also one of the species
with a moderate number of samples. Cucurbita maxima
(pumpkin) and Pisum sativum (pea) were other species
with few samples recorded. Others such as Chenopodium
qguinoa (quinoa), Juglans neotropica (walnut), and Secale
cereale (rye) barely have one seed sample in the CSB
(Figure 2b). This is an indicator that the CSB possibly
cannot meet the needs when there are adverse conditions
to the current ones; therefore, an optimal CSB can help
apply resilient measures in a community, country, or
region in the face of food shortages caused by droughts
(Renard, et al., 2023).

According to the state of the seed, it can be mentioned
that, of the total seed samples, 89.7% of these are in
good condition, 7.4% in poor condition, and 2.9% in fair
condition (Figure 3a). The quantity of seeds in each of
the samples was counted; only 1.1% has a high quantity
of seeds (more than 500 seeds). In contrast, a very low
quantity (1-50 seeds) represented 36.6%, followed by low
(51-100 seeds) with a percentage of 33.1% and medium
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(101-500 seeds) with 29.1% of the total samples (Figure
3b). The APA Azuay CSB to date shows poor quantities of
seeds, unlike CSBs in Africa, where there are generous
quantities of seeds, especially of indigenous varieties
and adapted ones (Adokorach, Otieno & Subedi, 2021).
However, these CSBs were created with a clear objective
and with the contribution of the entire community since
their operation (Sthapit, 2016), which has allowed
conserving this genetic material, improving its access and
availability for local crops (Nankya et al., 2022).

Additionally, the phytosanitary condition of the seeds was
evaluated; of the total samples, only 8% presented pests
or fungi (Figure 3c); on the contrary, 92% are free of
contamination. Similarly, in other CSBs it has been reported
that storage conditions are not correct, seeds are vulnerable
to fungi development or become insect hosts (Latifah et
al., 2019). Finally, it was counted that the containers used
are made of glass; likewise, a small percentage, 1.14%,
are in poor condition (Figure 3d). The aforementioned
allows that within these, the stored seed samples become
contaminated, this is due to the deficiency of conservation
techniques which guarantee the quality of the seed (Vernooy
et al., 2015). Similarly, a room is recommended where the
temperature is between 5°C - 20°C and environmental
humidity not greater than 25% (FAO, 2014), not at ambient
conditions as is the case here.

It should be mentioned that the surveyed people respond
according to their agricultural experiences and knowledge.
In the first question, the surveyed people mentioned that
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Figure 3. State of seeds within the CSB. a) Conservation status, b) Quantity per sample, c) Presence of contamination,

d) Condition of containers.

they would exchange seeds to improve the production of
their crops, although they also respond that they already
have good seed. For the second question, nearly 100%
of respondents indicated that they select the best seed
for the next growing season (Figure 4). In the APA Azuay
CSB, samples are preserved in environmental conditions
and their treatment is empirical; possibly due to these
shortcomings, contaminated samples were observed and
others were removed.

While in the third question, corn (Zea mays) was
mentioned most often, also legumes such as beans
(Phaseolus vulgaris), fava beans (Vicia faba), and peas
(Pisum sativum), with less frequency barley (Hordeum
vulgare) and cucurbits. Question 4 refers to seeds that
have been lost over time; in this one, it is observed that
barley (Hordeum vulgare) is the seed that was mentioned
the most, then there is potato (Solanum tuberosum) and
seeds of Andean species such as quinoa (Chenopodium
quinoa) and oca (Oxalis tuberosa) as indicated in Figure 5.

1. For what purpose would you exchange seeds?

Possesses quality seed

Increase seed varieiies ;" . Improve soil

Improve crop production Improve crop production

For question five, regarding why seed has been lost, it
is indicated that there is no demand for the seed; they
also indicated that it is due to poor seed quality, with
less frequency disinterest in propagating the seed and
scarce labor. Finally, the last question which asks if the
creation of the CSB motivated them to conserve seeds,
nearly all indicated that they were already conserving
seeds and only one person was motivated to conserve
(Figure 6). These results may possibly be due to the
absence of technification, as well as economic reasons,
the lack of laws that guarantee the conservation of seeds
and varieties (Ruiz, 2016; Pazmifio, Soldérzano & Pazmifio,
2021) and substitution by other crops as indicated in
question 5. Likewise, there is not a wide number of
species and varieties of conserved seeds; among these,
corn stands out, this crop is predominant because Azuay is
one of the main corn-producing provinces in the highlands
(Veldsquez et al., 2021). Additionally, this crop in Ecuador
has varieties adapted to different climatic conditions
(Caviedes, Carvajal-Larenas & Zambrano, 2020). Another

2. What do you do with the conserved seeds?

Let itgerminate

Letit repose -~ ", Planting in fences

Nothing Select seed of best quality

Figure 4. Responses from APA Azuay members to questions about seed exchange and conservation.
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4. What seeds have been lost over time?

Carot

Wheat 100480 Peas

Quinoa -

Potato /.

 Barley

Limefio

Figure 5. Responses from APA Azuay members to questions about conserved and lost seeds.

5. Why do you think seeds have been lost?
Use of machinery

..., Use of external seed
Labor Mg

Dont’know

No interest -4

Bad quality see

Poor cenditions

6. Did the creation of the SB motivate you to conserve seeds?

Already conserved

Motivated

> Doesn't conserve

Not motivated

Figure 6. Responses from APA Azuay members to questions about seed loss and motivation to conserve them.

seed that was also mentioned multiple times was beans;
from years back, this has increased its consumption,
demand, and cultivation area (Garcés-Fiallos, Olmedo-
Zamora, Garcés-Estrella & Diaz-Coronel, 2015), which has
made it the most produced legume in Ecuador (Peralta,
Mazon, Minchala & Guaman, 2016). On the contrary, in
other regions of the world, rural areas, the variety of
conserved genetic material and germplasm in the form of
seed is extensive (FAO, 2019), which in addition to this
action have developed techniques to keep them viable and
immediately available (Guzzon, Bello, Bradford, Mérida
Guzman & Costich, 2020), which is lacking in the CSB
under study.

CONCLUSIONS

The APA Azuay CSB, due to its deficiencies in infrastructure,
inadequate conservation techniques, and low quantity
of species and variety seeds, can be determined as
non-functional. Additionally, the scarce richness and
biodiversity do not allow it to meet the objectives for which
it was created. Similarly, it was found that the CSB did not
cause changes in the conservation habits of its founding
members, mainly because they were already conserving
seeds; however, currently mainly commercial seeds are
conserved, which has led to the loss of genetic material
of cultural importance. With this study, it is expected that
the members of the CSB will agree to modify conservation

6/8

techniques, as well as partner with authorities that invest
in its improvement, which has agricultural, economic, and
social importance.
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