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Abstract: In Mexico, dry forests are one of the ecosystems in major need of restoration intervention.
Here, we explored the ecological and social limitations on the restoration of Mexican dry forests
from the perspective of restoration practitioners and researchers. We included three data sources:
(i) projects included in a national evaluation (1979–2016), (ii) a systematic review of scientific literature
(1979–2021), and (iii) restoration projects included in two governmental programs. The national
evaluation and the systematic review coincided in identifying the establishment of plantings as
the most important ecological limitation and low social participation as the most important social
limitation. There were three times more publications addressing ecological limitations than those
addressing social limitations. We did not find research to resolve the problems faced by practitioners
related to invasive species, unpredictable climate, and poor soil quality. Governmental programs
promoting the restoration of ecosystems need to include measurable indicators to document the
socioecological limitations faced by local practitioners to restore Mexican dry forests.

Keywords: deciduous forest; tropical dry forest; ecological and social constraints; restoration plant-
ings; natural succession; assisted natural regeneration

1. Introduction

In 2019, the United Nations declared the “Decade for Ecosystem Restoration” (2021–
2030; https://www.decadeonrestoration.org/es (accessed on 1 September 2021)), whose
main aim was to reverse current forest loss. The last global evaluation of restoration
priorities revealed that restoring arid ecosystems, which includes dry forests, minimizes
the costs of restoration [1]. In Mexico, land formerly covered by tropical dry forests
has suffered from degradation in part because urban areas have been established there
since ancient civilizations [2]. This ecosystem originally covered 33.5 million hectares in
Mexico, but by 2003 only 20% of this area remained in a conserved state [3]. A review of
ecological restoration projects in Mexico from 1979 to 2016 revealed that fewer projects
were conducted in dry forests compared to temperate and rain forests [4]. That same
review revealed that practitioners of restoration recognized extreme climatic events as
the most important ecological limitation for restoring all terrestrial ecosystems. The main
social limitations were difficulties in building agreements with owners and problems with
land tenure [5]. It remains to discern whether the same ecological and social limitations
recognized for all terrestrial ecosystems hold for tropical dry forests.

The establishment of protected areas is a strategy to conserve and restore natural
habitats and their biological diversity [6]. However, protected areas present challenges
including limited resources for maintenance, non-sustainable use of resources, presence
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of exotic species, fragmentation, and pollution, among others [7,8]. In Mexico, most
protected areas are inhabited by human communities that use natural resources for their
subsistence [9]. In this sense, the governmental conservation program for sustainable
development (Programa de Conservación para el Desarrollo Sostenible; PROCODES) aims to
ameliorate some of the challenges faced by human communities by funding projects related
to the sustainable use of resources in the protected areas. A second program—Protection
and Restoration of Ecosystems and Priority Species (abbreviated as PROREST in Spanish)—
aims to protect and restore the ecosystems of protected areas with the participation of both
the inhabitants of the communities that live in these areas and the academics who study
them. Some information about PROCODES and PROREST projects is available on official
websites, but there has been no formal analysis of their results in dry forests.

In this review, we evaluate the ecological and social limitations for the restoration
of tropical dry forests in Mexico as seen by restoration practitioners and researchers. We
did this using three sources of information: (1) projects found in the national evaluation
(1979 to 2016; [5]), (2) a systematic review of the scientific literature from 1979 to 2021, and
(3) restoration projects included in the PROCODES and PROREST programs in protected
areas that contain tropical dry forest. By reviewing the ecological and social limitations
faced by practitioners of restoration and the research available to solve these limitations,
we can guide future actions and research to improve outcomes of restoration projects in
one of the Mexican ecosystems that most urgently needs intervention.

2. Materials and Methods

National Evaluation. These data were collected in 2015 and 2016. In November
2015, in Mexico City, a workshop titled “Challenges and perspectives to comply with
international agreements on Ecological Restoration” (original title in Spanish: Retos y
perspectivas para cumplir los acuerdos internacionales en materia de Restauración Ecológica) took
place. During the workshop, the attendees generated a list of actors and discussed how
to identify restoration projects. Then, to find the projects, several complementary means
were used, including google searches (keywords used: restaur *, recuper *, restor *, recover*
México and vegetación), consultation with people and institutions, and review of abstracts
from scientific meetings, among others. This broad search identified a sample of 188 projects,
11 of which were performed in Mexican dry forests (Table S1, available in supplementary
materials). The information for all of the projects was structured using a digital survey
composed of 137 questions. This survey was answered by the project manager by email or
phone. Eight of the questions were related to ecological and social limitations. All details
about the survey methodology and the overall results for the seven ecoregions of Mexico
have been previously published [4,5,10].

Systematic review of scientific publications. To include scientific publications re-
lated to ecological and social limitations for dry forest restoration, we considered two
strategies of restoration: ecological and productive. Productive restoration refers to the
recovery of some elements of structure and function of the original ecosystem together with
land uses that provide products that benefit the local population, contributing to landscape
restoration [11,12]. Productive restoration may therefore increase the likelihood of social
participation. A search with Google Scholar was conducted with the keywords ecologi-
cal/social/limitation/restoration or reforestation/Mexico + Tropical dry forest or Tropical
deciduous forest. The same was conducted in Spanish with an additional qualification for
the type of biome (ecológica/social/limitación/restauración/reforestación/México + Bosque tropical
seco or Bosque tropical caducifolio/Selva baja caducifolia). The search engines included titles,
keywords, and abstracts. For ecological limitations, 142 scientific publications (papers,
books, or thesis) were found; for social limitations, only seven scientific publications were
found. We augmented the search with other terms in English and Spanish that could lead
to works on issues of social limitations (i.e., social participation and traditional knowledge),
which increased the number of scientific publications related to social limitations to 109
(Table S2). A search in Web of Science with the keywords in English detected 20 papers
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for social limitations and 79 for ecological limitations (Table S3). The eligibility criteria to
include a document was that it explicitly mentions in the text (introduction, results, or dis-
cussion) the keywords used for the search. The literature selection process is summarized
in PRISMA flow diagrams (Figures S1 and S2).

PROCODES and PROREST projects. We gathered annual reports from 2016 to 2019
of these programs. The PROCODES program was created in 2001 to finance communities
working in five broadly defined conservation-related areas: community projects, training,
technical studies, and responses to environmental contingencies and to a lesser degree on
the implementation of restoration actions (productive restoration; [13]). The PROREST
program was created in 2019 and promotes the conservation and restoration of the repre-
sentative ecosystems of Natural Protected Areas and their biodiversity through technical
studies and restoration actions (ecological restoration; [14]). We first determined which
protected areas include tropical dry forest using the National Commission of Natural
Protected Areas (CONANP; [15]) network of information on protected areas and the map
of land use and vegetation cover of the National Institute of Statistics and Geography of
Mexico (INEGI; [16]). Then, we searched for the PROREST and PROCODES reports for
those protected areas in the database of the National Institute of Transparency, Access to
Information and Protection of Personal Data (abbreviated as INAII in Spanish). Finally,
within those protected areas, we select only the localities with dry tropical forests. In the
annual reports, we searched keywords such as limitation, ecological or social.

Data Analysis. All information was organized in Excel® spreadsheets. The informa-
tion from the national evaluation was further processed using the “plyr”, “dplyr”, “tibble”,
and “tidyr” libraries of the free access R environment (R Foundation for Statistical Com-
puting, Vienna, AT). In the national evaluation, five options for ecological limitations were
offered to respondents: (i) low quality in soil attributes, including steep slopes, (ii) availability
of species for restoration plantings and tree mortality, (iii) unpredictable climate, (iv) invasive
species and (v) fires) and six options for social limitations ((i) clarity of benefits from restoration,
(ii) lack of commitment from the participating communities, (iii) agreements with stakeholders,
(iv) low degree of social bonding, (v) land tenancy, and (vi) institutional credibility [5]. The
documents about ecological limitations were first classified by the type of project: practical
projects (ecological restoration) versus research that is relevant to practical restoration
(restoration ecology). Then, we classified the restoration ecology documents by the limita-
tion they aimed to resolve considering the five ecological limitations offered to respondents
in the national evaluation. The documents about social limitations were first classified into
two types of projects: ecological restoration versus productive restoration. Then, seven
main topics were recognized in the publications; with this information, the frequency
that each topic appeared in the documents was calculated. Finally, within each topic, we
selected the limitations that appeared more than once in the documents analyzed and
calculated the percentage in relation to the total frequency of mentions.

We constructed five word cloud plots using text mining procedures to identify the
most frequent keywords in the documents detected by the systematic review. Among the
documents related to ecological limitations, these procedures were carried out separately
for practical projects (3 documents) versus restoration ecology research projects (62 docu-
ments). Additionally, 50 research documents in English and 12 in Spanish were analyzed
separately. For documents related to social limitations, we also analyzed documents in
English (6 documents) separately from those in Spanish (8 documents). The most frequent
words were searched in the title, abstract, introduction, discussion, and conclusions. Ab-
stracts in other languages and figure and table legends were not included. The words in
the texts were counted and represented as word clouds plots, in which the size of the word
indicates the frequency in which it appears in the texts. The “Text Mining (tm)” library [17]
for R version 3.6.3 (R Foundation for Statistical Computing, Vienna, AT) was used for
the word count. The “tm_map” function from “tm” library was used to remove special
characters, symbols, punctuation, numbers, stopwords (articles, pronouns, prepositions) in
English or Spanish, convert the text to lower-case and eliminate extra white spaces.



Sustainability 2022, 14, 3793 4 of 21

3. Results
3.1. Ecological Limitations

National Evaluation. Five options related to ecological limitations were offered to
respondents: (i) low quality in soil attributes, including steep slopes, (ii) availability of species
for restoration plantings and tree mortality, (iii) unpredictable climate, (iv) invasive species, and
(v) fires. The most frequent ecological limitations mentioned for the 11 projects carried out
in Mexican dry forests were availability of species for restoration plantings and tree mortality
(36.4% of the projects) and invasive species (36.4%). Unpredictable climate was mentioned in
second place (27.3%), and to a lesser degree, the projects also identify the low quality in soil
attributes, including steep slopes, as an ecological limitation (18.2%). Fires were not mentioned
at all as an ecological limitation to carry out restoration projects in the Mexican dry forests.

Systematic review. Among the 84 documents found, only 19% (16 publications) re-
ported practical restoration projects. Of those, 10 publications were related to projects
already identified in the national evaluation, so they were not analyzed again in this section.
The four remaining publications reported ecological limitations related to mortality of trees
in restoration plantings (three publications) and soil erosion (one publication). Two publica-
tions were reviews, and the remaining sixty-eight publications (81%) reported restoration
ecology studies (i.e., research that is relevant to restoration projects; Figure 1a). To an-
alyze these documents, nine ecological limitations were considered: the five offered to
respondents in the national evaluation plus four limitations found in the documents. These
additional options were: (i) lack of information about natural succession, (ii) lack of prioritiza-
tion, (iii) lack of information about processes related to the recovery of animal populations, and
(iv) assisted migration. Most of the documents analyzed (57%; 39 documents; Figure 1b)
reported research aimed to resolve limitations related to the establishment of plantings,
including poor field performance, lack of knowledge about propagation or direct seeding (29 publica-
tions) and criteria to select species (11 publications; Figure 1c). In second place, 13 publications
(19%) mentioned that the lack of information about natural succession in dry forests was limit-
ing restoration intervention (Figure 1b). Eight publications (12%) claimed that a limitation
to restore dry forests was the lack of prioritization of sites to intervene, whereas five publica-
tions (7%) mentioned the lack of information about processes related to the recovery of animal
populations as a limitation. Finally, two publications aimed to resolve limitations related to
soil properties and one dealt with assisted migration (Figure 1b). None of the documents
analyzed reported research aimed to resolve limitations related to unpredictable climate,
invasive species, or fires.

Figure 1. (a) Percentage of documents related to ecological restoration (practical projects, N = 16) or
restoration ecology (research, N = 68); (b) Research documents aimed to resolve limitations related
to: establishment of restoration plantings (Plantings), process of natural succession (Succession),
establishment of priority sites to restore (Priority sites), recovery of animal populations (Animals),
restoration of soil attributes (Soils), or assisted migration. (c) For the documents related to the
establishment of plantings, two topics were recognized: field performance including growth rates
and causes of mortality (Performance) and criteria to select species (Selection of sp.).
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Word cloud analysis from the research documents in English regarding ecological
limitations revealed that the most frequent word was “species” (Figure 2a, in grey), followed
by “forest” (in green), then “seed”, “dry”, and “soil” (in purple), then “seeds”, “tropical”,
and “study” (in orange). In the word cloud for the documents in Spanish, the most frequent
words were “especies“ (species) (Figure 2b, in grey); followed by “uso” (use; in pink);
“árboles” (trees), “bosques” (forests), “México”, and “tropical” were in the third place (in
orange). In the Word Cloud for the practical projects, the most frequent word was “species”
(Figure 2c, in grey); in second place, we found “gullies”, “plant”, and “amf” (arbuscular
mycorrhizae fungi); “forest”, “survival”, and “gully” were in third place (in orange).

Figure 2. Word clouds for (a) 50 documents in English and (b) 12 documents in Spanish related to
research and (c) 3 documents in English for practical projects associated with ecological limitations
for Mexican dry forest restoration.

3.2. Social Limitation

National Evaluation. Six options related to social limitations were offered to re-
spondents: (i) clarity of benefits from restoration, (ii) lack of commitment from the participating
communities, (iii) agreements with stakeholders, (iv) low degree of social bonding, (v) land tenancy,
and (vi) institutional credibility. In 27.3% of the restoration projects, low degree of social bonding
was mentioned as the main social limitation detected. The absence of clarity of benefits from
restoration and institutional credibility (18.2% each) were in second place. In third place, we
found the lack of commitment from the participating communities and agreements with stakehold-
ers mentioned in 9.1% of projects. The land tenancy was not mentioned as a limitation in
the projects evaluated.

Systematic review. Nine topics related to social limitations were considered. These
included five of the six options offered to respondents of the national evaluation. Four
additional topics were found in the documents analyzed: (i) management, (ii) capacity
building, (iii) perception, and (iv) governance. The limitations related to agreements with
stakeholders, which were analyzed in the national evaluation, were not found in the sys-
tematic review. The most important limitation was related to social participation (60% of
documents, Figure 3). In this topic, among the 24 limitations mentioned, the deterioration of
community organization was the most frequently mentioned (37.5%), followed by lack of social
participation (20.8%; Figure 4a). The topics of management and socioeconomic limitations
were the second most mentioned in the documents (50%, Figure 3). Within management
limitations, we found 13 different limitations; however, only two were cited more than
once with the same percentage (20%): (i) restoration activities must be linked to productive
use to be accepted and (ii) stakeholder resistance to paradigm shifts in rural practices (Figure 4b).
For socioeconomic limitations, we found 20 limitations; problems with wood and non-wood
markets was the most mentioned (21%), followed by extreme poverty (18%; Figure 4c). Al-
though governmental programs were mentioned in less than a half of the documents (45%,
Figure 3), this topic included the highest number of different limitations (35), including lack



Sustainability 2022, 14, 3793 6 of 21

of financial support for restoration activities (17.1%), lack of technical assistance (8.6%), and low
survival of seedlings provided by the government because delivery occurs when the rainy season is
over (8.6%), among others (Figure 4d). The topic of capacity building was also mentioned
by less than half of the documents (45%, Figure 3), but 20 different types of limitations
were found within those documents. Absence of training in restoration was the most men-
tioned (45%), mainly in greenhouse activities. Within that topic, 10% of the documents
mentioned the lack of knowledge of the usefulness of wood and market value of tree species as
limitations for restoration practices. More than a third of the documents (35%) considered
the perception of the peasants on restoration an important limitation (Figure 3). Within
this topic, 50% of the documents mention that restoration was considered an unproductive
activity on productive lands, and in 38% of cases, local people did not recognize the need to
restore the ecosystem (Figure 4f). Only 30% of the documents mentioned that social conflicts
in the communities was a limitation for restoration (Figure 3). Within this category, conflicts
over land use or tenure was the most frequently identified issue (37.5%), while 28.6% of
these documents mentioned violence caused by drug trafficking and water conflicts as a social
limitation (Figure 4g). In the topic of governance, absence of governance was the limitation
named in all three documents that mentioned it (15%; Figure 3).

Figure 3. Percentage of documents related to eight main topics found in the systematic review
(N = 20) of social limitations for the restoration of the Mexican dry forests.

In the word cloud for the documents in English, the most frequent word was “species”
(Figure 5a, in grey); in second place, we found “land” and “reforestation” (in brown);
“stakeholders” and “use” were in third place (in green) followed by “forest”, “community”,
“social”, “restoration”, and “people” (in purple). In the word cloud for the documents in
Spanish, the most frequent words were “especies” (species), “comunidades” (communities),
and “conservación” (conservation) (Figure 5b, in grey); in second place, we found “restau-
ración” (restoration) and “recursos” (resources) (in brown); “uso” (use), “árboles” (trees), and
México were in third place (in yellow) followed by “región” (region), “agua” (water), “desar-
rollo” (development), “trabajo”(work), “manejo” (management), “comunidad” (community),
and “población” (population).
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Figure 4. Percentage of social limitations related to the main topics mentioned in Figure 3 that were
found more than once in the systematic review (N = 20) related to the restoration of Mexican dry
forests; (a) Social participation; (b) Management; (c) Socieconomics; (d) Governmental programs;
(e) Capacity building; (f) Perceptions about restoration; (g) Social conflicts.

Figure 5. Word clouds for (a) six documents in English and (b) eight documents in Spanish related to
social limitations for Mexican dry forest restoration.
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3.3. PROCODES and PROREST

Between 2016 and 2019, PROCODES and PROREST funded a total of 145 restora-
tion actions in Mexican dry forests (annual mean ± Standard Deviation (SD) = 29 ± 10;
Table 1 and Table S3). During the study period, the total investment of both programs
was USD 824,528, with an annual mean (±SD) of USD 164,906 ± 55,379. The highest
percentage of funding was provided in 2017 (Figure 6). Overall, women and indigenous
women accounted for a smaller fraction of participants in restoration projects (Table 1). The
participation of these social groups was greater in 2017 when there was a 35% increase in
the programs’ budgets from 2016. The annual reports of these programs did not provide
information about ecological or social limitations.

Table 1. Yearly investment by PROCODES and PROREST programs in restoration actions from
2016 to 2019. Number of projects (#), amount invested (USD), total number of people in projects
(People), total number of indigenous participants in projects (Indigenous), percentage of women
involved in the projects (%; Women), and percentage of indigenous women involved in the projects
(%; Ind Women).

Year Program # USD People Indigenous Women Ind Women

2016 PROCODES 33 183,056 481 48 10 11
2017 PROCODES 45 247,419 770 200 26 34
2018 PROCODES 24 140,322 450 86 19 21
2019 PROCODES 23 98,308 454 7 2 2
2019 PROREST 20 155,422 316 27 9 6
Total 145 824,528 2471 368 15 16

Figure 6. Percentage of yearly investment by PROCODES and PROREST programs to restoration
actions from 2016 to 2019.

4. Discussion

The objective of this review was to identify the ecological and social limitations for the
restoration of tropical dry forests in Mexico from the point of view of restoration practi-
tioners and researchers. The results of the national evaluation and those of the systematic
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review coincided in the most important ecological limitation for Mexican dry forest restora-
tion: the establishment of plantings. The results of both sources also coincided with the
most important social limitation: social participation. The number of publications related
to ecological limitations was three times greater than those related to social limitations.
Additionally, the information available from the governmental programs did not provide
information about social or ecological limitations faced by practitioners.

4.1. Ecological Limitations

The ecological limitations most frequently mentioned in the national evaluation were
the availability of species for restoration plantings and tree mortality. This coincides with the
systematic review, which revealed that most research publications aimed to resolve the lack
of information to establish restoration plantings. Further, most practical projects found in the
systematic review identify the mortality of trees in plantings as an ecological limitation. The
systematic review revealed that researchers consider that the establishment of plantings
has been limited by a lack of knowledge about (i) plant reproductive phenology, (ii) storage
of seeds, (iii) propagation, and finally, (iv) growth and survival of species in the field. These
issues are closely related to each other, and we will discuss their intersections in the
following paragraphs:

Knowledge about the reproductive phenology of trees (i.e., flowering and fruiting times)
is necessary to propagate tree species. However, only two documents deal with that
topic (see Table S3; [18,19]). Although other studies were available [20–23], few make the
connection to restoration. Once seeds are collected, the knowledge about the storage of
seeds is identified as an ecological limitation: for that topic, three publications were found,
covering only 28 species [24–26]. Given that in some of these dry forests, the total number
of tree species is estimated to be >150 species [27–29], the degree of knowledge on this
topic is clearly insufficient. On the other hand, it is possible that much of the knowledge
related to the collection and storage of seeds does exist as local knowledge of community
members (see [30]). That knowledge may be available to the academic community if
social participation is favored (see below). Little or no information on plant propagation
protocols may influence the low availability of species for dry forest restoration (reviewed
in [31]). For example, in a community nursery in the state of Michoacán, southeast Mexico,
11 tree species from the dry forest, from a regional species pool of ca. 155 tree species were
propagated there, and 70% of plant production centered on a single species [28,32]. The
knowledge of seed scarification and direct seeding falls within the topic of propagation;
seven documents were related to those topics (Table S3). Given that the establishment of
plantings with seedlings can be 40% more expensive than direct seeding (e.g., [33]), the
information about this technique is relevant to reducing the costs of restoration. Lack of
information from plant phenology to protocols for propagation limits the availability of
species for restoration plantings.

Regarding tree mortality, most of the research documents reported extreme micro-
climatic conditions as the main cause of the mortality of the tree species [34–37]. Lack
of information on plant species performance under the harsh environmental conditions
of degraded land explains why tree mortality is mentioned as an ecological limitation. A
review of dry forest species revealed that only a small fraction of trees species were planted
and their performance monitored in degraded areas [31]. Dry forest trees are subject to a
long dry season, erratic droughts during the rainy season, high spatial variability in water
availability and high evapotranspiration demand [38–40]. These environmental factors
undoubtedly impact plant survival in restoration plantings, even among species that are
adapted to these conditions [41,42]. Survival of tree species in planting trials may be also
related to climatic conditions (e.g., [43,44]) soil characteristics (e.g., [37,45,46], disturbance
regimes, or plant quality (e.g., [47]). The availability of information to establish a restoration
planting, from the collection of seeds to predicted performance in the field, is incomplete
(Table S3). Further, related to this topic, the timing of delivery of seedlings for planting by
government programs (e.g., at the end of the rainy season) was mentioned as a major social
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limitation for dry forest restoration. More research related to strategies to increase plant
survival is needed to secure effective ecological restoration of the dry forest.

The systematic review revealed that 14 of the documents described the process of
natural succession (Table S1), making it the second most important topic in the systematic
review. Before restoration plantings are established, it is necessary to evaluate whether
that level of intervention is required. In the International principles and standards for
the practice of ecological restoration (hereafter, “the standards”; [48]), the third principle
refers to the establishment of a reference ecosystem. The six key attributes recognized
in the reference ecosystems are used to measure the progress of restoration projects [48].
These six attributes are related to the ecological description of the site to restore, which
include the baseline and the natural regeneration potential (Table 1 from [4]). Evaluating
the natural regeneration potential is a necessary step to determine the level of restoration
intervention needed: when the potential is high, halting disturbance, e.g., by excluding
cattle [49] or preventing fires [50], may be sufficient to allow natural succession to proceed
without requiring more intensive interventions such as seeding or planting. Further, the
description of the successional process helps to recognize whether recovery is progressing
or whether the process has been arrested [51,52]. Further, it is possible to predict the success
of natural succession to recover the dry forest. For example, one of these publications
identified that the distance to villages and roads, the percentage of the economically active
population, and the percentage of households with no water supply might predict natural
regeneration potential [53]. Additionally, the slope at the sites and distance to the village
has been identified as predictors of the potential for natural regeneration in reviews dealing
with tropical and subtropical regions [54,55]. In conclusion, the description of the natural
succession process or the prediction of the natural regeneration potential is a useful first
step for restoration projects.

The presence of invasive species was the second most important limitation mentioned
in the national evaluation. However, in the systematic review, we did not find any research
related to this topic except for a single document [44] that mentioned Mimosa arenosa, Wild
var. leiocarpa (Fabaceae) as an invasive species that may arrest succession for 20 years
(Table S3). The third most important limitation mentioned in the national evaluation was
unpredictable climate. Although this limitation was mentioned frequently in the documents
from the systematic review, it was never the focus of the research (see Table S2). An
unpredictable climate was most frequently mentioned in studies on seedling mortality (see
above). Low soil quality, including steep slopes, was tied for the third most important limitation
in the national evaluation and was the second most important in the practical projects
found in the systematic review, but it only represented 1% of the research documents found.
This is striking given that an analysis of 145 Biophysical Environmental Units in Mexico
revealed a high degree of soil degradation in 32% of the units and a very high degree of
degradation in 44% of the units [56]. Fire was not considered a limitation for practitioners
of restoration in the dry forest, while in the systematic review, one document dealing
with prioritization mentioned an increase in fire events due to climate change (Table S3),
suggesting that fire might become an issue in the future. The national evaluation and the
systematic review coincided in the principal ecological limitation for Mexican dry forest
restoration, all steps involved in restoration plantings, but these two sources of information
disagree in the second and third most important limitations. It is especially striking that
there is no research attempting to resolve the problems faced by practitioners related to
invasive species and soil quality.

4.2. Social Limitations

The social limitation most frequently mentioned in the national evaluation was the low
degree of social bonding. This coincided with the systematic review, which revealed that the
topic absence of social participation, including lack of participation and deterioration of com-
munity organization, were the main limitations to restoration projects (Table S2). The absence
of social participation might be explained by the impressive growth of non-agricultural
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income in rural households [57]. Furthermore, a close link between the deterioration of
cultural roots of young people in the communities and the migratory flow from rural areas
has been detected [58]. One possible reason for the deterioration of community organization
is that many of the collective land tenancy systems in Mexico have problems with the
definition of boundaries, often leading to confrontations among peasants. In this sense,
agrarian conflicts and family feuds define social ties, reducing social cohesion. The agrarian
reform distributed more than half of the Mexican territory to peasants between 1917 and
1992 [59]. The endowment of land occurred in three ways: (i) Small private rural property,
where the owner had the right to use and usufruct of the land and the right to sell or
dispose of it; (ii) Ejido, which was made up of an agrarian nucleus where the land was
given to the members for their use and usufruct, but it still belonged to the nation; in this
case, rights were inherited and, (iii) Community, where the possession of the land was
collective [60]. The institutional framework that regulated rural property rights has been
extremely complex. Furthermore, it has been applied to a heterogeneous rural space with
different agroecological environments, socioeconomic conditions, and ethnic characteristics;
the mix of these conditions may explain some of the conflicts within communities that
result in the deterioration of social bonding.

The clarity of benefits from restoration was the second most frequently mentioned limita-
tion in the national evaluation, coinciding with the systematic review, in which the topic
of socioeconomics (including problems with wood and non-wood markets and extreme poverty)
was the second most mentioned limitation (Table S2). These two limitations are strongly
related. According to the National Council for the Evaluation of Social Development Policy
(CONEVAL in Spanish), in 2018, poverty affected 55.3% of the total population in rural
zones of Mexico. In the dry tropical zones, the peasants are small and medium-sized
farmers who do not have access to credit, insurance, or savings services, and the indige-
nous population also suffers from racial discrimination and lack of access to markets for
their products, which are usually produced in subsistence systems [61]. For example, in a
community nursery in the state of Michoacán, initially, 11 tree species from the dry forest
were propagated, but in addition to ecological limitations (see Ecological limitations), they
also faced low local demand for the plants they propagated [32]. A review of the planning
phase of restoration projects in Mexico revealed that social variables were seldom evaluated
in baseline studies and the most important socioeconomic goal for restoration projects was
the generation of local employment, an immediate but short-term benefit; community par-
ticipation was limited to the implementation part of the projects [4]. Favoring community
participation beginning at the planning phase of projects may help to establish long-term
benefits from restoration for people.

Under many socioeconomic difficulties, restoration must be linked to a productive use
to be accepted by peasants, a limitation frequently included in the topic of management.
Economic insecurity results in peasants having doubts about changing the agricultural
practices; this was found in the systematic review as resistance to paradigm shift (Table S2).
They have a culture of harvesting trees, rather than planting them, due to the historical
abundance of forests. Additionally, the few trees they plant are intercropped with shade-
tolerant agricultural crops and are used to produce food and fuelwood for the family or
fodder for animals. These intercropping systems are found near houses and are known
as homegardens [62,63]. Thus, some limitations to carrying out restoration projects may
be related to the vision of nature that social group owns, and that vision is part of their
culture and influenced by their scale of values [64]. This is also linked to the perception by
farmers that ecological restoration is an unproductive activity and there is no need to restore the
ecosystems. This perception might be caused by the agrarian concept in Mexican legislation
that prevails in many traditional communities, the so-called “law of idle land”, which
states that those who do not use the land they acquired due to agrarian distribution may be
required to forfeit it [65]. To restore tropical dry forests in Mexico, it will be necessary to
reconcile the perceptions and requirements of local people with the need to recover lost
natural resources [11,66].
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In the systematic review, the third most important topic related to social limitations
was governmental programs, which roughly coincided with the social limitation of insti-
tutional credibility (second place in importance in the national evaluation). About 98.5%
of restoration projects in Mexico are financed by government programs [5]. Accordingly,
35 social limitations were recognized as coming from governmental programs. The most
frequently mentioned were lack of final support and of technical assistance and low survival of
seedlings received from the government to establish restoration plantings. Dry forests are the
ecosystem that receives the lowest amount of government investment in restoration projects
in Mexico [5]. Furthermore, indigenous and small rural producers are frequently excluded
from government programs because these programs have complex rules and requirements
for participation that these communities are unable to follow [67]. The limitation lack of
technical assistance is related to the 1992 Mexican Forestry Law, which privatized technical
forestry services. Currently, technical assistance in reforestation projects is conducted
through Prestadores de Servicios Técnicos Forestales (Forestry Technical Service Providers)—
individuals or legal entities who are accredited to provide technical services to the com-
munities [68]. Communities have some options to select their technical provider [69], but
providers offer their services when the annual call from governmental programs opens. In
practice, technical providers become managers of forest public policies rather than true
technical advisers to the communities [68]. The lack of technical assistance could be solved
through capacity building, another important topic mentioned as a social limitation. In that
topic, lack of training was the most frequently mentioned. In Latin America, there are few
restoration training initiatives for farmers. For example, Yale University has an important
capacity-building program [70], and the Sinchi Institute in Colombia promotes a novel
restoration training program for the poorest people in the Colombian Amazon [71,72]. An
example from Mexico comes from the dry forest of Sierra de Huautla, a Biosphere Reserve
co-managed by the State University of Morelos and CONANP, where some successful
capacity-building programs related to environmental education have taken place [73].
Further, given the small financial support available for restoration in the dry forest, this
becomes crucial to increase the research aimed at decreasing the costs of restoration; for
example, the evaluation of the potential for natural regeneration and the information about
techniques, as direct seeding can decrease the costs of establishing restoration plantings.
Finally, some new governmental programs for conservation and restoration have been
directed to solve the problem faced by practitioners, but evaluation of their success is still
in progress (see below PROCODES and PROREST programs).

Some results from the national evaluation and the systematic review did not coincide.
For example, the lack of agreement with stakeholders was the third most important limitation in
the national evaluation but was not mentioned in the documents analyzed in the systematic
review. Additionally, problems related to land tenancy were not found as a limitation in
the national evaluation, while in the systematic review, within the topic of social conflicts,
land use, and violence were frequently mentioned as limitations (Table S2). These two social
conflicts are related since, in some regions, tourist mega-business, drug cultivation, and
the violence associated with it have increased the value of the land and peasants’ desire
to protect their claims [74]. Finally, the lack of governance was only mentioned once in the
systematic review. It is possible that the geographic locations of the projects found in the
national evaluation and in the systematic review influence these results. For example, more
scientific publications are derived from projects carried out within natural protected areas
(see Table S2), and those will be represented in the systematic review but not necessarily in
the national evaluation (Table S1).

Word cloud analysis. In all five word clouds, including ecological and social limita-
tions and the document in English and Spanish, the word “species” was the most frequently
mentioned word. This agreement clearly shows that species is the level of biological or-
ganization that is considered in both practical and research restoration projects in the dry
forest (Table S4; in green). The word “forest” (in grey) was frequent in the documents on
ecological limitations (practical and research) and in the documents of social limitations,
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but only those in English. In the documents of social limitation in Spanish, the related word
was “árboles” (in brown), which was also very frequent in the documents on ecological
limitation in Spanish. It is noteworthy that the documents in English and Spanish for social
limitation also coincided with the research documents in Spanish for ecological limitations
in the word “use” (in red). This may be related to the fact that one criterion that is fre-
quently considered when selecting species for restoration projects is their use. However,
this is more frequently mentioned in documents related to social limitations and ecological
limitations when publications are written for local audiences (i.e., in Spanish). For the
social limitations, word clouds in English and Spanish coincided in concepts related to the
social dimension such as “community” and “peasants”. The word clouds confirm that the
documents used in the analysis had a social focus; the most frequent words refer to social
actors (stakeholders), which in the case of Mexico, were the members of the communities
where the restoration projects were carried out.

4.3. Public Policy Instruments (PROCODES and PROREST)

Restoration is a process that goes far beyond the number of intervened hectares, re-
sources granted, and the number of beneficiaries. PROCODES is a program created by the
federal government in 1996, previously called the Sustainable Regional Development Pro-
gram (PRODERS in Spanish). It constitutes a public policy instrument promoting the conser-
vation of ecosystems and their biodiversity [75]. This program has four broadly defined con-
servation areas: (i) community projects, (ii) local capacity building through training courses,
(iii) technical studies, and (iv) financial support to environmental contingency brigades [76].
To carry out all the above actions, CONANP encourages the participation of the local
population in the processes of land management, sustainable use of resources, protection,
and restoration. Restoration interventions within the framework of this program are aimed
towards the implementation of productive restoration, such as agroforestry systems (https:
//www.conanp.gob.mx/procodes2022/ReglasDeOperacionPROCODES2022.pdf (accessed
on 19 January 2022). This aim, if successful, could resolve the social limitation linked to the
perception by farmers that ecological restoration is an unproductive activity. Ecological
restoration is not explicitly considered in PROCODES, which is why PROREST emerged
in 2019 to clearly incorporate the conservation and ecological restoration of ecosystems
in the Natural Protected Areas network [77]. Overall, the design of both programs is
innovative, and they are aligned with the new conservation paradigms since they favor
social organization and collective action while promoting the conservation and restoration
of biodiversity [75]. The implementation of PROCODES and PROREST also contribute to
meeting restoration goals [78] and Mexico’s sustainable development goals [79]. Moreover,
the two programs are articulated with Mexico’s National Development Plan objectives,
enabling the convergence of financial resources for their development [80,81]. Although bio-
diversity and other environmental and social objectives are important parts of PROCODES
and PROREST, both programs frame their achievements in terms of numerical indicators
that indirectly assess the social and environmental benefits resulting from their implemen-
tation. Indicators used to measure success include the number of intervened hectares, the
number of economic resources granted and the number of beneficiaries, differentiating
among women, men, and indigenous women and men [75]. This manner of evaluating
program success does not identify the ecological and social limitations that projects and
local people usually face, which are clearly pointed out in the present review and identified
in the national evaluation [4,5]. Ignoring these limitations diminishes the effectiveness,
progress, and social and environmental benefits of both programs and of restoration itself.
Thus, there is an urgent need to design and include measurable indicators to document
the socioecological limitations local practitioners are facing under these two programs to
restore Mexican dry forests.

https://www.conanp.gob.mx/procodes2022/ReglasDeOperacionPROCODES2022.pdf
https://www.conanp.gob.mx/procodes2022/ReglasDeOperacionPROCODES2022.pdf
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5. Conclusions

The national evaluation and the systematic review coincided in the principal ecological
limitation for Mexican dry forest restoration, all of which were steps involved in the
establishment of restoration plantings. However, these two sources of information disagree
on the second (i.e., information about natural succession) and third (i.e., soil quality) most
important limitations. It is especially striking that there was no research available to resolve
the problems faced by practitioners related to invasive species, unpredictable climate, and
soil quality.

For social limitations, the national evaluation and the systematic review agree that
the low degree of social bonding resulting in a lack of participation and deterioration of
community organization was the main limitations for restoration projects. The second
most important social limitation was related to socioeconomic issues, which were also
linked to the topics of management and perception. The limitation of agreement with
stakeholders, third in importance in the national evaluation, was not found as a limitation
in the systematic review. In contrast, the topic of land tenancy was not mentioned by the
respondents of the national evaluation but was found in the systematic review, although it
was not one of the most important limitations.

Key recommendations. As the standards for restoration state [48], the first step for
restoration should be to involve all the stakeholders in a restoration project. In this first step
of a restoration project, it is important to evaluate the social conditions of the community
in terms of social bonding and organization. A restoration project may help to increase
the social bonding of a community, but a minimum of social participation needs to be
assured for the project to start. Favoring community participation from the planning phase
of projects may help to establish the benefits of restoration to people in the long term. Other
actions that are needed to resolve social limitations are related to regulations, including
simplifying the institutional framework that regulates rural property rights and applying
different regulations depending on rural space with different agroecological environments,
socioeconomic conditions, and ethnic characteristics.

Increasing the number of native trees available in local nurseries and implementing
strategies to increase plant survival is needed to secure effective ecological restoration of
dry forests. The first issue can be resolved through capacity-building programs related to
propagation protocols. The community nurseries favored by the new governmental pro-
gram Sembrando vida (Sowing life; https://www.gob.mx/bienestar/acciones-y-programas/
programa-sembrando-vida. (Accessed on 19 January 2022) promise to be important for this
aim, although it has not been evaluated yet and needs to include measurable indicators
to document the socioecological limitations faced by practitioners. The establishment of
community nurseries will also resolve the bad timing of seedling delivery by government
programs (e.g., at the end of the rainy season), which was mentioned as a major social
limitation for dry forest restoration. For the second issue, increase plant survival, there is
a need for more research on the causes of this mortality, such as soil quality and how to
select tree species in the face of extreme climate events due to climate change.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su14073793/s1, Table S1: Location of the dry forest projects identified in the National
Evaluation in Mexico, Table S2: Publications that mentioned social limitations related to tropical dry
forest restoration in Mexico, Table S3: Publications related to the five ecological limitations established
in the National Evaluation of restoration projects in Mexico for tropical dry forests, Table S4: Most
frequent words found in documents from a systematic review of ecological social limitations for
Mexican dry forest restoration, Figure S1: Flow diagram for systematic review including searches
of databases for ecological limitations related to restoration of Mexican dry forests, Figure S2: Flow
diagram for systematic review including searches of databases for social limitations related to
restoration of Mexican dry forests [18,19,24–26,34–37,44–46,49–53,82–163].
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