Cultivos Tropicales, 2022, vol. 43, no. 1, e15 enero-marzo
ISSN impreso: 0258-5936 G Ministerio de Educacion Superior. Cuba
ISSN digital: 1819-4087 Instituto Nacional de Ciencias Agricolas

Bibliographic review

Current status of the conservation of coffee (Coffea spp.) plant genetic resources

Yanelis Castilla-Valdés®* @

YInstituto Nacional de Ciencias Agricolas (INCA), carretera San José-Tapaste, km 3%, Gaveta Postal 1,
San José de las Lajas, Mayabeque, Cuba. CP 32 700

*Author for correspondence: yanelis@inca.edu.cu

ABSTRACT

The coffee plant (Coffea spp.) is an agricultural crop of significant economic and social relevance in
many countries, including Cuba. It is proposed that 60 % of its species are classified as threatened with
extinction, so this literature review was proposed with the objective of analyzing the conservation status
of coffee plant genetic resources in recent years. Deforestation, climate change and invasive species are
some of the risks faced in their sites of origin. The ex situ conservation of coffee germplasm by means
of seeds is not feasible for prolonged periods of time, due to the sensitivity of its tissues to desiccation
and low temperatures. Germplasm collections in the field are exposed to different risks, from their
location in ecological conditions that are not ideal for the survival of all the material, the aging of the
specimens, inappropriate cultivation methods and the emergence of pests and diseases, to the lack of
interest of local authorities. The biotechnological methods of minimal growth and cryopreservation are
promising options for the medium and long term maintenance of coffee plant genetic resources, so it is
essential to expand research in this direction, in order to complement the different alternatives for the
conservation of this traditional genus.

Key words: plant biotechnology, climate change, in vitro cultivation, deforestation, species extinction,

germplasm

INTRODUCTION

The coffee plant (Coffea spp.) plays an important economic role worldwide, since it represents one of
the main sources of income in some 80 coffee producing countries ™. World production is mainly based
on two species: Coffea arabica L., which represents 60 % and C. canephora Pierre with the remaining
40 % @, although some of the non-commercial species have been used locally or regionally as substitutes

for C. arabica L. ®. In the 18th century C. arabica was introduced in Latin America ®), where
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approximately 60% of the international coffee export volume is produced, as the main source of income
for many countries ®. In this region, Brazil, Colombia, Honduras, Mexico and Peru, among others, are
the main producers ®. In Cuba, the coffee plant is a priority in the agricultural sector, since coffee is a
beverage commonly consumed by the population, as well as an exportable item ),

There are 124 species of Coffea spp. known to science, which naturally inhabit tropical Africa, the
islands of the Indian Ocean (Madagascar, Comoros and Mascarene Islands), Asia and Australia .
All have in common the characteristic morphology of coffee beans ®. In addition, these species show
useful traits for genetic improvement, such as climatic tolerance ©®, including drought tolerance,
resistance to pests and diseases %, low caffeine content ¥ and sensory improvement 2,

However, the application of the Categories and Criteria of the Red List of the International Union for
Conservation of Nature (IUCN) ®® to Coffea species has yielded alarming data regarding their
conservation status. Sixty percent of the total (75 species) have been classified as threatened with
extinction, including 13 Critically Endangered, 40 Endangered and 22 Vulnerable. Thirty-five species
have been listed as non-threatened (Near Threatened or Least Concern) and 14 species have been
considered Data Deficient %)

On the other hand, it has been demonstrated that only approximately half (55 %) of all coffee plant
species are maintained in ex situ germplasm collections. Seventy-two percent are found in at least one
in situ protected area; 18 % have no in situ protection and 13 species are not known to exist in protected
areas (including 11 Data Deficient species). C. arabica, C. eugenioides, C. canephora and C. liberica
seem to occupy a more secure position than others, as they are included in at least one protected area
and in germplasm collections. However, the genetic diversity in both protected environments (in situ
and ex situ) is not adequately covered. Due to rapid deforestation, climate change and genetic erosion,
the options for collecting plant material of wild C. arabica for use, for example, in genetic improvement,
are decreasing 4, hence the importance of contributing to the study of its conservation.

Taking into account the above, the objective of this bibliographic review was to analyze the state of

conservation of phytogenetic resources of coffee plants (Coffea spp.) in the last decade.

In situ conservation
The conservation of plant species in situ offers the possibility of maintaining a greater diversity of
species and genes in a dynamic environment, allowing populations to continue to evolve. Wild coffee
plants are found growing naturally as understory trees in the tropical forests of Africa, spanning a wide
geographic range from Guinea in West Africa through Central Africa to East Africa (Y). Other centers of
diversity include Madagascar, the Comoro Islands, and the Mascarene Islands in the Indian Ocean
(Reunion and Mauritius), and with the inclusion of the genus Psilanthus in Coffea, the geographic

distribution extends to tropical Asia and Australia ().
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The primary centers of origin and diversity of C. arabica are located in the highlands of southwestern
Ethiopia, the Boma Plateau in South Sudan, and Mount Marsabit in Kenya %, In Ethiopia, for example,
one of the key factors influencing the erosion of coffee genetic diversity is deforestation 6. Between
1971 and 1977, about 235,400 ha of closed and lightly disturbed forests were deforested in the highlands
of the southwestern Ethiopian plateau 7.

In an attempt to conserve the last coffee forests in Ethiopia and to halt biodiversity loss, several areas
have been incorporated into the UNESCO (United Nations Educational, Scientific and Cultural
Organization) World Biosphere Network under the Man and the Biosphere program. In 2010, Yayu and
Kafa Biosphere Reserves were added, while in 2012 Sheka Forest joined. These represent some of the
last remaining fragments of montane forest with wild populations of C. arabica on the planet ). The
designation of these areas as UNESCO Biosphere Reserves is certainly an important step towards the
implementation of an active land conservation approach in Ethiopia, which covers more than one million
hectares among the three reserves 9,

Despite these advances, published studies show that the area occupied by coffee forests included in
protected areas is still small and climate change is projected to have a substantially negative influence
in places currently inhabited by indigenous Arabicas in Ethiopia and South Sudan. All available future
projections for the species, based on multiple general circulation models, emission scenarios and
emigration scenarios, have been used to predict changes in the extent of occurrence, area of occupancy
and population numbers for wild C. arabica. Under the effects of climate change the results showed that
population numbers could be reduced by 50 % or more (with some models showing up to 80 %) by
2088, while area of occupancy could decrease by 30 % in many cases 9.

The natural range of C. canephora covers a much wider geographic area, extending from West Africa
to Cameroon, Central African Republic, Congo, the Democratic Republic of Congo, Uganda, and
northern Tanzania to northern Angola, although it generally occurs as small, isolated populations with a
small number of mother trees and very few seedlings scattered over areas of less than 1 ha ),

In Uganda's Kibale National Park, the Wild Coffee Tree Project proposed to use a unique approach to
conserve the genetic resources of C. canephora through a market-based approach. This project proposed
to support nature conservation and local communities by marketing sustainable harvests of the wild
coffee plant that grows naturally in the park 9. Although it was not successful in gaining access to
international coffee markets, the lessons learned provided useful guidance for other market-based efforts
linking forest resource conservation, local communities and international trade &)

In Mauritius, one of the Mascarene Islands located in the southwestern Indian Ocean, there is also
experience with in situ conservation of the three Coffea species native to that territory: C. mauritiana
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Lam. Rich. and C. myrtifolia (A.Rich. ex DC.) Leroy. The protected areas there (seven Natural Reserves
and one National Park) have been established primarily to protect representative samples of the native
vegetation, in such a way that they conserve only part of the range of the genetic diversity of the wild
coffee plant, which has been affected by the drastic reduction of forested areas and the destruction of
habitats by invasive exotic species. Additionally, reserves known as Conservation Management Areas
have been established to conserve native flora and fauna and their habitats in an integrated manner.
These areas were fenced to prevent animals such as deer and pigs, and exotic plants were manually
removed. In this way, the quality of the forest has been significantly improved and plant and animal
communities have recovered @9,

The erosion of the in situ gene pool of Coffea spp. has become a significant concern due to multiple
threats to their natural habitats, such as deforestation, encroachment by agricultural activities, population
pressures, and economic hardship for the local populations that depend on these forests %, Efforts to
conserve coffee germplasm in its natural habitats have been very limited, with known examples only in
Ethiopia, Mauritius and Uganda. Many areas, such as central Gabon and the Central African Republic,
still remain unexplored and much work remains to be done in diversity hotspots in Madagascar and
continental Africa, particularly Tanzania . Therefore, conservation of these plant genetic resources in
ex situ collections such as germplasm banks in the field becomes imperative as an alternative or backup

strategy for in situ conservation measures %),

Ex situ conservation
Conservation in germplasm banks in the field
Field genebanks that maintain significant collections of C. arabica are located in Africa (Cameroon,
Cote d'lvoire, Ethiopia, Kenya and Tanzania), Madagascar, India and in the Americas (Brazil, Colombia
and Costa Rica). Field collections in Cameroon, Cote d'lvoire, India and Madagascar also maintain a
good representation of C. canephora. A large part of the uncultivated wild coffee species are conserved
in germplasm banks in Madagascar, which maintains about 50 species, and Cote d'lvoire, with about 30
species of African coffee plants 2,
In botanical gardens in 50 countries, some 445 accessions of coffee plants from 26 species and some
interspecific hybrids are also conserved. C. arabica, C. canephora and C. liberica account for 81 % of
these accessions in botanical gardens V). From 73 accessions with species designation, eleven are kept
only in one botanical garden and four of these species have not been kept in any other collection. Thus,
botanic gardens can be reservoirs of unique species or of a level of diversity of varieties that needs to be
considered as part of the global system for ex situ conservation of coffee plants @.
Over the years, substantial losses of coffee genotypes have occurred in several germplasm banks,
resulting in the loss of entire accessions. Taking as an example the CATIE (Centro Agronomico Tropical
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de Investigacion y Ensefianza) collection in Costa Rica, one of the main challenges faced includes the
aging of the trees (most were established in the 1970s, although there are collections that were initiated
in the 1940s). Also influential are sub-optimal climatic conditions and elevation, the need for varied
cultural practices due to the diverse nature of the collections, with cultivated and wild genotypes that
differ in their needs for shade, pruning, fertilizers, as well as lack of funding and other resources. Some
53 accessions are considered to have been lost over the years due to aging and the effect of pests and
diseases 22,

Cuba is not a country of origin of the coffee plant, so in situ conservation does not take place; however,
there are areas dedicated to ex situ conservation, such as those belonging to the Central Station for Coffee
and Cocoa Research (ECICC), located in Santiago de Cuba province, where 1597 accessions are
conserved O,

Coffee germplasm collections in the field are exposed to different risks, from extreme climatic events to
the lack of priority from local authorities V). They are frequently located in ecological conditions that
are not ideal for their maintenance or for the survival of all the material, causing genetic erosion @9,
Other causes of this are the loss of trees as a consequence of aging, inappropriate cultivation methods,
as well as the emergence of pests and diseases “®. Some of the preventive measures taken against biotic
and abiotic stress include frequent monitoring of collections, adequate irrigation, fertilizer application,
shading, chemical protection, and integrated pest and disease management ). From all this, the need to

apply other alternatives to the field conservation of coffee plant genetic resources is evident.

Storage of coffee seeds

Based on their characteristics during storage, coffee seeds have been classified as intermediate, since
they tolerate a certain level of desiccation, but do not survive total desiccation, nor the combined effects
of desiccation and low temperatures @4, It is known that the viability of C. arabica seeds decreases
rapidly after four to six months at room temperature @,

Although the most common way to produce coffee seedlings is by botanical seed, the loss of germination
during storage is a limitation for the conservation and propagation of this genus ©?®. Hence the need to
study alternative forms of ex situ conservation, such as the application of biotechnological methods to

the preservation of phytogenetic resources of the coffee plant.
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Biotechnological methods
In vitro preservation
Among the multiple applications of in vitro culture is in vitro conservation, a valuable option for the
preservation of germplasm of species with seeds of short viability, such as coffee plants. Minimal growth
methods make it possible to achieve this objective @7
Minimal growth methods consist of reducing the growth rate of plants, based on the reduction of cell
division and metabolism, which is achieved by altering the optimal culture conditions. It is possible to
vary the composition of the culture medium or modify the growth environment (temperature, light
intensity, oxygen availability) ®®. In this way, it is feasible to conserve the plants in the short or medium
term, which allows a reduction in the frequency of subcultures and an increase in the in vitro longevity
of the plant material, as well as a minimum risk of genetic changes 729,
For the in vitro conservation of coffee plants, different variants of minimal growth have been studied ¢, such
as variations in culture temperature, in combination with a decrease in oxygen content €%, modification in
the concentration of the carbon source 33 and the addition of osmotic growth regulators ). The most widely
used has been the modification of the concentration of growth regulators in the culture medium 83, Other
contributions to these topics have been made in the last decade, as will be detailed below.
For in vitro conservation of C. arabica cv S. 795 germplasm, a protocol was developed consisting of
inoculating zygotic embryos in MS medium ©, supplemented with sucrose (3.0 %) and different
concentrations of abscisic acid (ABA) (0; 0.1; 0.5 and 1.0 mg L™). They were maintained at a
temperature of 25+1 °C and photoperiod of 16 h, for twelve months. For germination, embryos were
subcultured in MS medium supplemented with different concentrations of kinetin (KIN) or gibberellic
acid (AG3) (0;0.1; 0.1; 0.5; 1.0 and 5.0 mg L.1) and after 45 days were evaluated “%. The results showed
that zygotic embryos placed in culture medium with the different concentrations of ABA exhibited
variable maturation responses.
In the control, embryos germinated after one week and the shoot and root developed longer, compared
to the media with low concentrations, where very slow germination was induced. When embryos were
grown in higher ABA concentrations, elongation was observed, followed by a color change from white
to dark green at a two-week interval. These embryos reached full maturity and remained dormant, with
no shoot or root development “0),
Of the various concentrations of KIN, the 0.1 mg L treatment was more effective for seedling
development, with maximum shoot length and the longest root with numerous lateral roots, compared
with the higher concentrations of KIN, which resulted in complete inhibition of the development of this
organ. Addition of AG3 at 0.1 and 0.5 mg L increased shoot length compared to the control, whereas
an increase in AG3 concentration did not have this effect. These results showed that KIN was more
suitable than AG3 for developing vigorous seedlings “9).
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A study conducted by Cuban researchers set out to determine the effect of decreasing the mineral content
of the culture medium on the response of coffee plants (C. arabica) preserved in vitro for a period of
two to six months. The plants, previously obtained in vitro, were grown in modified MS medium, with
treatments consisting of a 75, 50 and 25 % reduction of their macro and microelements. Survival, number
of leaf pairs, leaf abscission and percentage of plants with roots were evaluated. In the 50 % MS
treatment, the survival percentages varied between 85 and 100 % and with respect to the rest of the
treatments, intermediate values of leaf pairs and leaf abscission were obtained. In spite of the lack of
nutrients, the plants developed roots that allowed them to survive under these conditions, so that with
this treatment it is considered feasible to conserve coffee plants in vitro for up to six months “b,

Cryopreservation

Cryopreservation, the storage of biological material preferably at liquid nitrogen temperature (-196 °C),
is an alternative to ex situ conservation of germplasm, which allows long-term, safe and cost-effective
maintenance of plant genetic resources with minimal space requirements and routine maintenance “2.
In addition, cryopreservation eliminates the need for regular renewal of the collection, which reduces
the risk of genetic erosion caused by pests, diseases, climatic conditions, contamination, and genetic
variation %),

Several studies have been carried out in the field of coffee plant cryopreservation G%, using different
methods and types of explants: apices “¥, somatic embryos and embryogenic callus “49), zygotic
embryos 953 seeds 47505458 and have obtained diverse results. The research trend is mainly directed

towards cryopreservation of seeds and zygotic embryos, a field currently led by Brazilian scientists.

Seed cryopreservation

The evaluation of the physiological quality of C. arabica seeds cryopreserved by direct immersion in
liquid nitrogen, following rapid or slow drying, has recently been studied. Seeds of the cultivars Arara,
Catigud, Catuai Amarelo and Mundo Novo were subjected to rapid drying using silica gel, and slow
drying using a saturated NaCl solution (75 % relative humidity), until they reached a moisture content
of 20 % (dry basis) in both variants. They were immersed in liquid nitrogen for 24 hours and then
reheated in a water bath at 40 °C for two minutes. The physiological quality of the seeds after
cryopreservation was evaluated by germination, tetrazolium and vigor tests. It was determined that even
with different levels of tolerance, the seeds of these cultivars can be subjected to cryopreservation, with
yellow Catuai being the most tolerant and Arara the most sensitive, regardless of the speed of

desiccation. Rapid drying in silica gel up to 20 % of moisture content, followed by direct immersion in
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liquid nitrogen, allows obtaining higher percentages of normal seedlings, expanded cotyledonary leaves
and dry mass and, therefore, favors the cryopreservation of coffee tree seeds ¢,

Another research aimed to determine the water content, the cooling speed and the most adequate final
temperature for cryopreservation of C. arabica seeds. These were dried with silica gel to water contents of
5, 10, 15, 15, 20, 30 and 40 % (wet basis), subjected to slow cooling treatments at rates of -1, -3 and -5 °C
min to final temperatures of -40, -50 and -60 °C and then immersed directly in liquid nitrogen (LN).
After storage, the seeds were re-warmed at 40 °C for two minutes. The survival rate and viability of seeds
and embryos were assessed by the tetrazolium and germination tests. The results of the tetrazolium test
indicate that embryos extracted from cryopreserved seeds are less sensitive to cryopreservation than whole
seeds. In general, water content of 20 % and the use of zygotic embryos led to the highest survival rate of
coffee plant seeds, depending on the cooling rate and final pre-cooling temperature €9,

For C. canephora seeds dried in silica gel up to a water content of 0.25 g g%, slow cooling treatments
identical to those cited above have been used ©° The best result of these treatments was compared with
rapid cooling, in which the seeds were directly immersed in liquid nitrogen and the physiological and
biochemical alterations occurring in the seeds after cryopreservation were evaluated. Desiccation to
0.25 g g™ of water content did not affect the viability of C. canephora seeds and they responded better
to cryopreservation by rapid cooling compared to slow cooling. Catalase and esterase enzymes are good
biochemical markers for cryopreserved coffee seeds and their activity is higher in those of better
physiological quality 6.

The ideal physical and physiological conditions for cryopreservation of C. canephora seeds have also
been investigated to reduce mortality caused by intracellular ice crystal formation and to avoid cell
damage caused by excessive desiccation. Seeds were subjected to rapid desiccation in silica gel, and
slow desiccation in saturated NaCl solution to moisture contents of 0.20, 0.25 and 0.28 g g* (dry basis),
followed by direct immersion in liquid nitrogen for flash freezing. Physiological and biochemical
analyses were performed to evaluate the quality of these explants before and after cryopreservation.
Rapid drying at values close to 0.20 g g™ does not cause a reduction in physiological quality, while
moisture content of 0.25 g g results in higher seed survival, after cryopreservation. The speed of drying
affects physiological quality after cryopreservation, since rapid drying in silica gel is more favorable
than slow drying in a saturated NaCl solution. The activity of catalase, esterase, glutamic oxaloacetic
transaminase, and polyphenol oxidase enzymes is an indicator of the quality of C. canephora seeds
subjected to cryopreservation ¢2),

Coffee plant (C. arabica) seeds have been subjected to different types of desiccation and stored in cold
storage and cryopreservation, with the purpose of studying the subsequent development of the seedlings.
The seeds were subjected to four drying treatments in a stationary dryer until they reached 12 and 32 %

humidity and in saturated saline solution and silica gel, until they reached 17 % humidity. Those with
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12 and 32 % moisture were stored in a cold, dry chamber (at 10 °C and 45 % relative humidity) and
those with 17 % moisture were stored in cryogenic chambers (-196 °C) for a period of six months, after
which they were planted in plastic bags in a nursery. Seedlings from seeds dried in silica gel showed
vegetative development results similar to those of seedlings produced from seeds at 32 % humidity and
stored for six months. The use of silica gel-dried and cryopreserved C. arabica seeds is considered a
viable alternative for the production of vigorous seedlings © and a simpler method than the others tested

in this study.

Embryo cryopreservation

Other explants frequently used for the cryopreservation of coffee plant genetic resources are zygotic and
somatic embryos. In the case of C. arabica L. cv. Catuai Vermelho IAC 144, different drying times in silica
gel were tested for zygotic embryos (0; 15; 30; 60; 120; 240 min) and somatic embryos (0; 60; 120 min).
Although a high germination percentage (98 %) was obtained for zygotic embryos at 120 min of desiccation,
only 41 % of the regenerated seedlings were considered normal. On the other hand, for somatic embryos it
was impossible to apply the cryopreservation treatment, since no germination was obtained due to the
sensitivity of these explants to dehydration ¢4

The vitrification method has also been used to develop a cryopreservation protocol for zygotic embryos
of C. arabica L. cv. "Catuai Vermelho" - IAC 144. For this purpose, embryos were immersed in PVS 2
5 (Plant Vitrification Solution) (composed of 30 % glycerol, 15 % ethylene glycol, 15 % dimethyl
sulfoxide and 0.4 M sucrose, in liquid MS medium), at different times (0, 10, 25, 50, 50, 100 and 250
min) and at two temperatures (0 and 25 °C). For thawing, different times in water bath were evaluated:
1, 3, 5 min or directly in recovery solution. An anatomical study was performed on embryos stored with
or without the use of PVS 2, and not stored. It was determined that immersion in cryoprotective solution,
for 100 min at 0 °C allows cryopreservation of embryos, which can be thawed directly in the recovery
solution after storage in liquid nitrogen. It was observed that PVS 2 reduced the internal water content
in the cells, which allowed the subsequent resumption of zygotic embryo growth ©6),

Cuban researchers from the National Institute of Agricultural Sciences (INCA), in collaboration with
scientists from the Gosling Research Institute for Plant Preservation (GRIPP), belonging to the University
of Guelph in Canada, determined the effectiveness of two methods derived from vitrification, in the
cryopreservation of zygotic embryos of C. arabica, with the use of PVS 3 ©” (50 % glycerol + 50 %
sucrose w/v), with promising results for the conservation of phytogenetic resources of coffee plants by this
method €9,
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CONCLUSIONS

Achieving the complementarity of the different types of conservation: in situ (where appropriate) and ex situ,
through field preservation and the use of biotechnological methods of minimal growth and cryopreservation,
constitutes an important challenge to be overcome at a global level in the near future, with a view to the

protection of coffee plant genetic resources.
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