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ABSTRACT

The use and conservation of Vanilla planifolia Jack. in Mexico requires comprehensive and detailed analysis of its genetic variation and of
the issues that determine it. For this reason, we studied the variation in phytochemical contents that define vanilla aroma quality by HPLC
(High Performance Liquid Chromatography) to identify genetic variation at the infraspecific level among 14 microsatellite loci and to study
assessment criteria which determine the attitude of stakeholders regarding use and conservation of vanilla germplasm in the Totonacapan
region, Mexico. To this end we used the multi-attribute analysis method, AHP (Analytic Hierarchy Process). The results showed the existence
of six phytochemical groups (chemotypes) within V. planifolia germplasm, each with specific aromatic characteristics. The 14 loci analyzed
were polymorphic for vanilla chemotypes with variable sizes, and genetic clustering of accessions coincided with phytochemical grouping
(chemotypes). It was noted that the process of economic and cultural valuation of users has caused aromatic variation in vanilla germ-
plasm, and this variation has been conserved at the regional level. Thus, the data indicate that in the probable center of origin of vanilla
there is genetic and phytochemical variation, knowledge of which is fundamental to the design of breeding programs to optimize the

benefits of vanilla production for stakeholders and to contribute to the conservation of the primary gene pool of Vanilla planifolia.
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Introduction

Mexico is recognized as center of origin of Vanilla
planifolia G. Jack. (Soto-Arenas 2003; Verpoorte 2011),
particularly, the Totonacapan region, which possesses
germplasm of greatest importance both biologically and
commercially. However, the available information regard-
ing the phytochemical and genetic characteristics that de-
fine its aromatic quality is scarce.

Moreover, two factors related to the use and conserva-
tion of vanilla in the Totonacapan region have been iden-
tified. The first factor, linked to conservation, comprises
two elements: the lack of knowledge of genetic variation of
vanilla germplasm (Soto-Arenas 2006; Minoo et al. 2006)
and the fact that both wild and cultivated populations are
highly vulnerable to factors such as genetic erosion related
to the clonal characteristic of the population, over-collec-
tion of wild specimens and destruction of their habitat by
human and meteorological phenomena (Lubinsky 2003),
which put them in danger of extinction. The second factor
is associated with underutilization of vanilla germplasm.
Despite the fact that it is the center of origin, Mexico con-
tributes less than 1% of the world vanilla production (So-
to-Arenas 2006). This has been attributed to problems of
quality, which is heterogeneous; vanillas of different aro-
mas and of high and low quality are mixed, having a direct
negative impact on the market and price, on system stake-
holders, and on conservation of the region’s germplasm.

Ignorance of the diversity of the biological material
makes it difficult both to undertake conservation actions
and to improve quality by enhancing quality traits that
would benefit stakeholders of this genetic resource. This
study was conducted to characterize vanilla germplasm of
the Totonacapan region, Mexico, phytochemically, genet-
ically and socioculturally and, with this characterization,
to design strategies of use and conservation integrating
the traits that define commercial quality in vanilla, ge-
netic variation of the germplasm, and the use and valua-
tion systems of stakeholders.

Materials and methods
The study was structured in four phases:

1) Analysis of chemotypical variation
of Vanilla planifolia germplasm

HPLC analyses were performed on processed pods
from 25 vanilla accessions. The pods were the product of
flowers pollinated manually during the last week of April
and the first week of May, 2007. They were harvested
28 weeks later and subjected to traditional processing,
which lasts 14 weeks. In this way, there was control over
fruit maturity, processing method, storage conditions,
storage time, and extraction method, all of which are rec-
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ognized as factors that affect the quality of vanilla aromatic
compounds (Sharma et al. 2006). With control over these
factors, we aimed to determine phytochemical variation at-
tributable to two sources: geographic origin or collection.

The content of four main phenolic compounds that
give vanilla its aroma were assessed: p-hydroxybenzoic
acid (C1), vanillic acid (4-hydroxy-3-methoxybenzoic
acid) (C2), p-hydroxybenzaldehyde (C3) denominated
minor compounds (MC) because they are found at con-
centrations below 2000 ppm, and vanillin (4-hydroxy-3-
methoxybenzaldehyde) (C4), which is the most abundant
compound (around 20 000 ppm). These four phenols are
recognized as principal compounds contributing to vanil-
la aroma, because of their high concentrations (Wescott
et al. 1994; Sostaric et al. 2000; Sharma et al. 2006).

Extracts were injected into the HPLC apparatus (Per-
kin-Elmer Series 200) under the following conditions: the
analytical column was a RP-18 Spheri-5, injection vol-
ume: 20 pl, flow: 1.5 ml min~!, mobile phase: 25% metha-
nol, 75% phosphoric acid, and run time: 20 min.

2) Analysis of infraspecific genetic variation
of Vanilla planifolia

We analyzed 14 microsatellite loci for V. planifo-
lia. Amplification of the fragments was conducted in
a Thermocycler Gene Amp PCR System 9700 under the
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following parameters: an initial step of 4 min at 94 °C,
34 cycles of 30 s at 94 °C, 45 s at 50-53 °C (hybridization
temperature was reduced by 0.7 °C during the first 10 cy-
cles), 1 min at 72 °C, and a final step of 5 min at 72 °C.
The products were analyzed in 1.2% agarose gel at 80 V,
the gels were run for 40 min, visualized with ethidium
bromide exposed to UV light, and a 100 bp DNA ladder
(Invitrogen) was used as a molecular weight reference to
estimate the sizes of the amplification products. The am-
plified microsatellite products were diluted in a 1/40 pro-
portion (w/w), and 1 pl of the dilution, 9.75 pl HiDi For-
mamide and 0.25 pl ROX-500 were added to the mixture.
Analysis of this mixture was done on the ABI Prism 3700
(Applied Biosystems) by the fragment analysis method.

3) Analysis of use and conservation value given by
stakeholders to Vanilla planifolia germplasm

We analyzed the value of V. planifolia germplasm in
two phases: (a) identification of decision-making agents
related to use and conservation of vanilla germplasm in
the Totonacapan region using the Stakeholder Analysis
Method (Grimble 1998) and (b) analysis of value and al-
ternatives of use and conservation among the stakehold-
ers of germplasm cultivated in the Totonacapan region
using the Analytic Hierarchy Process (AHP) (Avila 2000)
multi-attribute analysis method.
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Fig. 1 Dendrogram of 25 accessions of Vanilla planifolia in the Puebla-Veracruz Totonacapan region, based on averages of 10 variables and

grouping by similarity distances. Source: Salazar-Rojas et al. (2011).
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4) Strategy design for use and conservation of
Vanilla planifolia germplasm
in the Totonacapan Puebla-Veracruz region

The analytical process had two phases: (a) diagnosis,
grounded in the livelihood theory (Sustainable Liveli-
hoods Approach; Chambers and Conway 1992) and (b)
strategy integration and design, based on the Logical
Framework Approach (LFA) (Schmidt 2009).

Results

1) Chemotypical variation
in Vanilla planifolia germplasm

The results show highly significant (p < 0.0001) dif-
ferences among the V. planifolia accessions evaluated in
terms of their aromatic compound content. Using cluster
analysis, a total of six chemotypes were identified (Sala-
zar-Rojas et al. 2011; Figure 1). In these chemotypes, it
was observed that the vanillin content, which largely
defines the dynamics of commercial market quality, is
not the trait that has influenced diversity of V. planifolia
within the Totonacapan region, Mexico.

When the results registered for V. planifolia, V. pom-
pona and V. insignis germplasm of the Totonacapan re-
gion were compared with data published on V. planifolia
germplasm from Oaxaca, considered the wildest (least
domesticated) material of Mexico (Soto-Arenas 2006;
Lubinsky et al. 2008), we detected that proportion of
the three minor compounds (p-hydroxybenzoic acid,
vanillic acid, p-hydroxybenzaldehyde; MC), relative to
the content of vanillin (YMC/vanillin), has decreased
in the most commercial collections with vanillin pre-
dominating in the aroma. In contrast, in collections
with wild characteristics, vanillin has a smaller partici-
pation in the aroma, while the minor compounds (MC)
are found in a higher proportion, conferring sweet per-
fumed notes.

Table 1 shows the degree of participation of the three
minor compounds (MC) in the aroma of vanilla germplasm
in the Totonacapan Region. The species V. pompona and V.
insignis, considered wild or not cultivated, have the high-
est values (23 and 16%), together with V. planifolia from
Oaxaca (13%). Cultivated material from the Totonacapan
region, in contrast, has a lower proportion of minor com-
pounds in the aroma, oscillating from 12% in chemotype I,
which has “wilder” aromatic characteristics, to 7% in speci-
mens with highly modified aroma, such as chemotype VI
with intense notes of vanillin in the aroma. This reveals that
V. planifolia germplasm in the Totonacapan region, Mexico,
has undergone a process of selection-domestication guided
by sensorial preferences of the Totonaca people, while re-
production by clones has permitted the construction and
preservation of chemotypical variation.

2) Analysis of infraspecific genetic variation
in Vanilla planifolia

To confirm whether the chemotypical variation of
V. planifolia recorded is controlled genetically, 14 micro-
satellite loci were examined. Of these, 13 were polymor-
phic and one was monomorphic (Vpl026). A broad range
of variation was observed in the polymorphic content
index (PCI) from 0.2 (Vpl002) to 0.7 (Vpl005, Vpl016)
for the most informative loci, with an average of 0.46
in V. planifolia and lower in V. insignis and V. pompona.
During genotypification, no genetically identical indi-
viduals were observed.

The number of alleles per locus present in each species
and the number of alleles exclusive to a species was vari-
able. The highest number of alleles (44) was observed in
the chemotypes of V. planifolia, while the lowest number
(14) was observed in V. pompona. The largest number of
exclusive alleles was also found in V. planifolia chemo-
types (11) and the smallest number in V. insignis and the
V. planifolia cultivar “rayada” (1). Heterozygosis observed
(Ho) in all of the populations had a high value (0.641) of
genetic diversity. For the loci vpl002, vpl005, vpl016 and

Table 1 V. planifolia chemotypes and their main aromatic components of Totonacapan Puebla-Veracruz region and complementary
collections. C1: p-hydroxybenzoic acid, C2: vanillinic acid (4-hydroxy-3-methoxybenzoic acid), C3: p-hydroxybenzaldehyde, C4: vanillin

(4-hydroxy-3-methoxybenzaldehyde). MC: minor compounds.

Chemotype C1 (ppm) c2 c3 C4 (%) YMC/vanillin (%)
V.pompona 63 83 104 0.1 23
V. insignis 63 74 128 0.2 16
V. planifolia (Oaxaca) 255 1315 873 1.9 13
V. planifolia Q1 127 794 703 1.3 12
V. planifolia QV 84-112 528-565 413-675 1.1-1.3 10
V. planifolia Q IV 66-90 391-580 497-600 1-1.4 9
V. planifolia QI 86 716 733 1.9 8
V. planifolia Q 11l 85-100 782-861 344-498 1.7 8
V. planifolia Q VI 58-81 411-755 219-497 1.1-1.8 7

Source: Salazar-Rojas et al. (2011)
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Fig. 2 Dendrogram of Vanilla planifolia collected in the Totonacapan region, Mexico, based on the average of 13 microsatellite loci and
grouping by similarity distances. MC: p-hydroxybenzoic acid, vanillinic acid, p-hydroxybenzaldehyde.

vpl047, a deficiency of heterozygotes was found, while for
the loci vpl003, vpl010, vpl015, vpl019, vpl022, vpl025,
vpl028, vpl031, and vpl050 there was a deficiency of ho-
mozygotes. Using the similarity matrix, a UPGMA (Un-
weighted Pair Group Method with Arithmetic Averages)
was performed with SAS 9.1 software, and a dendrogram
representing estimated similarities among the analyzed
collections was constructed (Figure 2).

Clustering of the collections based on molecular data
coincided with the clustering pattern derived from aro-
matic traits; that is, the genetic groups in the Figure 1
dendrogram correspond to the identified aroma groups
(Salazar-Rojas et al. 2011), indicating that chemotypical
variation is genetically controlled.

3) Value of the germplasm among the different
stakeholders relative to use and conservation
of Vanilla planifolia

Once vanilla germplasm variation was identified and
characterized, we analyzed the valuation criteria that
guide decision-making of its stakeholders on the use and
conservation of the chemotypical and genetic variation
of vanilla germplasm of the region. To this end, stake-
holders or agents who make decisions concerning use
and conservation of vanilla were identified. A total of six
groups of stakeholders were determined for the analysis
of valuation using AHP: CONAVAI (National Council of
Vanilla Growers), merchants, processors, growers, state
authorities (Ministry of Development), and academics.
We calculated the priorities, indexes of inconsistency,
and the synthesis of judgments, using the software Ex-
pert Choice V.11.

Using AHP, a group of squared matrixes resulted from
the weights stakeholders assigned to each of the four val-

uation criteria for the vanilla genetic resource: use value,
existence value, information value, and genetic value. We
obtained a matrix for each level of criteria and decision-
making group, as well as a matrix that summarized the
weights given by all of the decision-makers. The results
of the AHP valuations were analyzed by clusters and the
results were integrated into an interaction matrix to iden-
tify the chemotypes that most closely matched the profile
of each stakeholder group.

Of the six V. planifolia chemotypes, three of them are
being conserved by use: the commercially important
chemotypes Q4 and Q6 and the genetically relevant Q5.
The chemotypes Q1 (biologically important), Q2 and Q3
(commercially significant) are highly endangered; these
groups require greater attention in a conservation pro-
gram.

According to the interest and valuation profile of the
stakeholder groups evaluated, groups I and III, com-
posed of CONAVALI and growers, are the candidates with
the most favorable characteristics for carrying out a con-
servation program for all the chemotypes of the region,
but especially chemotype I (low commercial potential)
because they are highly interested in conserving vanilla
varieties and different aromas (Table 2). In the case of
chemotypes Q2 and Q3 (high commercial potential),
their conservation seems to be more feasible since they
are the most used chemotypes. CONAVAI, growers and
especially state authorities (Ministry of Rural Develop-
ment) have expressed interest solely in conserving those
materials with commercial potential (Table 2). Although,
up to now, conservation of Q5 has not been at risk, the
group of stakeholders comprising processors, merchants
and academics were highly interested in conserving
this germplasm due to its high level of genetic variation
(Table 2).
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Table 2 Matrix of interaction between groups of chemotype traits and profiles of stakeholder valuation.

Chemotypes
Stakeholders

Q1 Q2 Q3 Q4 Q5 Q6
CONAVAI v v v v v v
Processors
Academics
Merchants v
Growers v v v v v v
State authorities (Puebla) v v
Importance Biological Commercial Commercial Commercial Biological Commercial
Conservation status Threatened Threatened Threatened Little concern Little concern Little concern

4) Design of a use and conservation strategy
for Vanilla planifolia germplasm
in the Totonacapan Puebla-Veracruz region

The information generated on aromatic and genetic
variation and stakeholder valuation was integrated and
analyzed with the Sustainable Livelihoods and Logical
Framework approaches.

In the first phase using the Sustainable Livelihoods
Approach, a diagnostic of the vulnerability of the vanilla
production system of the Totonacapan region was carried
out. Three factors were identified: (1) shocks, (2) trends,
and (3) temporality (Table 3). The context in which vanilla
production in Mexico develops is vulnerable, mainly be-

cause of climatic and economic factors. Climatic factors
are associated with increasingly intense and frequent hur-
ricanes and tropical storms in the Gulf of Mexico, while
economic factors are related to the instability of interna-
tional prices derived from overproduction at the interna-
tional level and from the growing interest in the vanilla
agro-industry as a profitable strategic activity for numer-
ous developing tropical countries (Table 3). We then iden-
tified the five main capitals the region’s vanilla production
system possesses to confront its vulnerability: natural, so-
cial, financial, physical, and human capital.

After the diagnostic, a problem tree was constructed
under the Logical Framework Approach. With this tree,
we identified the central problem in the use and conser-

Table 3 Summary of the context of vulnerability of the Totonacapan region vanilla production system.

Shock Trend Temporality Source

Hurricanes and tropical storms Increasing in frequency and intensity Since 1988 SMN 2010
Fusarium spp. Increasing damage Since 1988 The New Scientist 2008
International prices Speculative behavior Noncyclic FAO STAT 2010
International overproduction Increasing Since 2004 FAO STAT 2010
Loss of natural habitat Increasing Since 1960 Del Amo 2008
Low impact agricultural policy Decreasing state intervention Since 1980 Rubio 2007
Loss of local knowledge S;ZVS;ZIESE?\I;lr:rebc?r:]a?:f)rpllitxfer:jgzyoUth Since 1980 Vergara and Cervantes 2009
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vation of vanilla in the Totonacapan region, the causes of
the problem, and its effects (Fig. 3a). From the problem
tree, a tree of means and ends was deduced to identify the
central objective, specific objectives, and alternatives for
solution of the problem or intervening actions (Fig. 3b).

Using this format, specific objectives, results and ac-
tivities were established; these were, in turn, evaluated us-
ing a SWOT (Strengths, Weaknesses/Limitations, Oppor-
tunities, and Threats) analysis to integrate the proposed
strategy for use and conservation of vanilla germplasm of
the Totonacapan region, Mexico, aiming to take advan-
tage of the opportunities and strengths, overcome weak-
nesses and neutralizing threats.

In this way, the following actions were identified:

essential role in the conservation and generation of diver-
sity through their use of germplasm, that is, through do-
mestication. This has been the main form of conservation
of genetic resources in Mexico. The process began long
ago and has not ended; it is still practiced today by mil-
lions of farmers who have established a close relationship
with their natural surroundings. For these communities,
man-plant-environment integration has been the basis of
their cultural development (Herrera-Cabrera et al. 2010).
This interrelationship has generated complex systems of
traditional knowledge that has configured large part of the
diversity in Mexico’s genetic resources, among which is
vanilla (Challenger 1998; Herrera-Cabrera et al. 2010). In
the Mesoamerican context, we can say that domestication

General objective: use and conservation of vanilla germplasm of the Totonacapan region

Strategies

Tactics

1) Promote an attractive price to growers

1a) Construction of a temporary compensatory payment system for the
productive link in the vanilla chain

1b) Awareness campaign to promote fair prices for production to strengthen
the vanilla chain

2) Reduce heterogeneity in quality of processed vanilla 2

a) Standardization of physiological maturity of the fruits
2b) Characterization of chemotypical variation in vanilla

3) Differentiated clonal propagation by chemotype

3a) Differentiated clonal propagation by chemotype

4) Recovery and rehabilitation of traditional systems of vanilla
production

4a) Promotion of traditional vanilla production systems as intangible heritage
of humanity

5) Breeding program and production technology

5a) Genetic and agronomic characterization
5b) Generation of disease resistant clones
5c) Generation of a technological package to increase productivity

Discussion

Conservation of biological diversity aims mainly to
assure maintenance, survival and reproduction of spe-
cies diversity, especially those that are threatened or in
danger of extinction. Like in Mexico, with vanilla clones
in the Totonacapan region where wild and cultivated
populations are highly vulnerable to extinction, and also
in the Soconusco region that has almost a quarter of the
orchid species registered in the country and 37 threat-
ened species, many with severely reduced and non-viable
populations (Bertolini et al. 2011). Its execution requires
a process of identifying actions, objectives and goals that
recognize the relationships that exist between the bio-
logical and social context of a species in a given region
(March et al. 2009). In this way, strategic planning for
vanilla conservation is guided toward intelligent invest-
ment in firm, timely interventions that effectively con-
front the causes that affect diversity at any scale, aimed
toward obtaining the best results with available resources
(Kristensen and Rader 2001).

In the case of vanilla germplasm, there are multiple fac-
tors that threaten survival of cultivated populations, par-
ticularly the social factor, which also appears to be a de-
termining aspect in the conservation of this germplasm
through cultivation. Over time, farmers have played an

of plants in traditional production systems has functioned
as a very particular model of conservation of numerous
genetic resources for hundreds of years.

Conservation through use recognizes authorship of
the farmers of a given region and considers the socio-
cultural context. Genetic variability, evolutionary proc-
esses, and biotic-abiotic interactions are also maintained,
making it a model that appears to overcome several of
the limitations of in situ and ex situ models. For this rea-
son, some authors have theoretically included this form
of conservation within a model denominated circa situm
(Maxted et al. 1997; Hughes 1998; Frankie et al. 2004).

The term circa situm is used to distinguish the very pe-
culiar species conservation circumstances in traditional
production systems (such as home gardens, agroforestry,
agricultural, and other systems), in which the species
is found outside its natural habitat but within its natu-
ral range of distribution. In the particular case of vanilla
germplasm of the Totonacapan region, wild populations
are unknown and its conservation is thus linked to the
Totonaca people who have selected and cultivated bio-
logical material of V. planifolia in traditional systems of
production for at least 250 years (Hagsater et al. 2005;
Bory et al. 2007). It is suggested that during this period
a domestication process based on aroma was generated,
resulting in six chemotypes of vanilla (Salazar-Rojas et
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al. 2011), which are highly important to innovation in
vanilla cultivation at an international level. Today, there
is more diversity in production systems than in natural
landscapes. For this reason and because conservation of
V. planifolia articulates social, economic and biological
elements, because the growers are the agents of conserva-
tion, because variation in vanilla germplasm is product of
a process of domestication, because its geographic distri-
bution is associated with the presence of traditional sys-
tems of production, and because the Totonacapan region
is the probable center of diversification of the species, it
seems that the best alternative, theoretically and practi-
cally, to develop a conservation strategy for the primary
genetic pool of vanilla is through the circa situm model,
that is, through its use.

The generation of the body of biological knowledge
necessary to intervene in vanilla conservation requires
the re-interpretation of basic processes such as the ecol-
ogy of pollination, biology of reproduction, population
dynamics, and ecological interactions at the community
level in an analysis that recognizes the role of the grow-
ers in their sociocultural context as the source of varia-
tion in the evolution of vanilla germplasm in the region.
Strategic planning for vanilla conservation thus requires
a circa situm design that enables us to identify feasible
measures, in real scenarios (ecological, economic, social,
cultural) that guarantee its protection now but especially
also in the long term. It also requires inclusion of rural
development of the traditional producer zones as a direct
objective of conservation in such a way that competitive-
ness of the vanilla production system becomes an indica-
tor of the success of its conservation and vice versa. In
this sense, the circa situm model of conservation presents
itself as a challenge and a scientific alternative for the
design of diversity or variation conservation strategies
and policies that enable genetic resources such as vanilla
to contribute to the development and strengthening of
livelihoods in the rural communities that possess the re-
sources.

Condlusions

The results obtained lead us to conclude the following:

Through the study of chemotypical variation in V.
planiflia germplasm, we identified six chemotypes de-
rived from a complex process of selection-domestication
by the Totonacas. During this process, the participation of
the three minor compounds, p-hydroxybenzoic acid, va-
nillinic acid and p-hydroxybenzaldehyde, has decreased
and that of vanillin has increased in the overall aroma.

With the use of microsatellite loci, we related the
chemotypical variation identified in V. planifolia to in-
fraspecific genetic variation expressed in five cultivated
genotypes in the Totonacapan region.

It was observed that, regionally, cultural value is a ma-
jor stimulus that motivates use and conservation of va-

nilla germplasm among stakeholders of the Totonacapan
region, together with the monetary benefits obtained by
sale of the product. There were four distinct profiles of
valuation of vanilla germplasm among the stakeholders,
so that the design of conservation proposals should con-
sider identification of the most adequate group of stake-
holders for execution of the project.

It was found that chemotypes Q4, Q5 and Q6 are being
conserved through their cultivation in the region, while
the less cultivated chemotypes Q1, Q2 and Q3 require in-
tervention actions for their conservation.

The germplasm bank safeguarded in the Totonacapan
region depends on the future of the culture and traditions
of the Totonaca people. Thus, proposals for conservation
of vanilla must focus on the development and reinforce-
ment of the Totonaca culture and its traditional produc-
tion and processing systems.

In center of origin of vanilla, genetic and phytochemi-
cal variation exists that is fundamental for the design of
a breeding program that would optimize the benefits
of the crop for its stakeholders and contribute to con-
serving the primary genetic pool of Vanilla planifolia J.
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