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ABSTRACT
Objective: To evaluate the impact of tree shelters on the survival and early growth of huisache seedlings 
(Vachellia schaffneri (S. Watts) Hermann) in semiarid regions featuring soil conservation structures. 
Design/Methodology/Approach: The experimental design comprised two planting conditions: (1) within 
areas where soil was retained by conservation works, and (2) outside such structures. These were combined 
with two protection treatments: (1) seedling protection using light-transmissive polyethylene tubes, and (2) no 
protection. Survival and growth metrics were monitored during the first year post-planting. 
Results: While the tree shelters did not significantly affect survival rates, they markedly reduced herbivory 
by defoliating insects. Additionally, seedlings with protection exhibited enhanced height growth. Although 
the protective effect on diameter growth was less pronounced, it was notably significant under the planting 
condition outside the soil conservation structures. Defoliation, while not impacting survival, had an adverse 
effect on seedling growth. 
Limitations/Implications: These findings carry practical significance for reforestation initiatives aimed at 
rehabilitating degraded semiarid landscapes. 
Findings/Conclusions: Tree shelters enhance the initial establishment and growth performance of seedlings 
in reforestation efforts within semiarid environments.

Keywords: forest restoration, herbivory, seedling survival, growth.

INTRODUCTION
	 The restoration of native vegetation in semiarid environments poses a significant 
challenge due to limited moisture availability, elevated temperatures, and intense solar 
radiation conditions that are particularly harsh in eroded and degraded areas with low soil 
productivity (Klik et al., 2018; Yirdaw et al., 2017). These ecological constraints severely 
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limit both natural and assisted regeneration of plant species, especially woody vegetation 
(Grossnickle, 2018; Lewandrowsky et al., 2021). Furthermore, in reforestation projects, 
juvenile plants are especially vulnerable to herbivory by harmfull fauna (García-Obeso, 
2003), domestic livestock (Wadud et al., 2024), and defoliation by insects (Nickele et al., 
2012), all of which compromise plant establishment. A widely adopted strategy to prevent 
such damage is the installation of perimeter fencing in intervention areas. However, in 
Mexico, many reforestation efforts take place on grazing lands, where extensive livestock 
farming prevents the exclusion of large areas. Under such conditions, individual protection 
of newly planted seedlings emerges as a viable alternative, enabling more efficient resource 
utilization (Pérez et al., 2022). Currently, various tree shelter models are used in reforestation 
efforts (Oliet et al., 2023; Piñeiro et al., 2013). 
	 Depending on their structure and construction materials, these shelters have proven 
effective in enhancing plant performance by mitigating solar radiation, desiccating winds, 
and frost damage (Abe, 2022; Bergez & Dupraz, 2009). Additionally, they can improve 
soil moisture by channeling condensed water towards the root system (del Campo et al., 
2006). These benefits have been documented across different ecosystems and forest species 
(Oliet et al., 2019; Padilla et al., 2011; Rojas-Arévalo et al., 2022; Valenzuela et al., 2018). 
Nevertheless, tree shelters may also alter the aerial allometry of plants (Bainbridge, 1994; 
Mohsin et al., 2021). Despite their advantages, the individual protection of plants in 
restoration projects within Mexico’s semiarid ecosystems remains infrequent, largely due 
to the lack of knowledge regarding their effects on the initial performance of key ecological 
species (Sosa-Castañeda et al., 2019). Assuming the cost of adopting this ecotechnology may 
be justifiable, as it significantly reduces the need for plant replacement, thereby lowering 
associated replanting costs and mitigating early growth losses during the critical first year 
after planting.
	 Another crucial factor in plant establishment is soil preparation at the planting sites (Löf 
et al., 2012; Villar-Salvador & Oliet, 2021). In reforested semiarid regions, soil and water 
conservation structures are commonly constructed to reduce erosion, promote infiltration, 
and enhance the retention of organic matter and nutrients within captured sediments 
(García-Gallegos et al., 2023; Welemariam et al., 2018). 
	 In particular, stone bunds not only improve the soil’s physical and chemical properties 
and increase fertility (Atinafu et al., 2024; Klik et al., 2018), but also facilitate the natural 
colonization of herbaceous and shrub species, and support the establishment of forest 
plantations with temperate species (Ponce-Rodríguez et al., 2019). However, it remains 
unclear whether the conditions generated by these structures can serve as suitable 
microsites for successful seedling establishment in semiarid environments. In Mexico, 
arid zones cover approximately 40% of the national territory and encompass extensive 
areas affected by deforestation and degradation (González-Medrano, 2012). From 2001 
to 2022, the country experienced an average annual gross deforestation of 208,746 
hectares, of which 13.51% occurred in arid and semiarid ecoregions (CONAFOR, 2024). 
In response, various reforestation programs have been implemented, often accompanied 
by soil and water conservation practices (CONAFOR, 2023). Nevertheless, one-year 
post-planting survival rates remain below 57%, primarily due to drought and herbivory 
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(Prieto & Goeche, 2016). Vachellia schaffneri, a leguminous tree species, is commonly found 
in xerophytic thornscrub communities across central and northern Mexico (González-
Elizondo et al., 2007). However, its intensive use as forage, fuel, and a source of tannins 
has led to significant fragmentation of its natural populations (Monroy-Ata et al., 2007). 
Ecologically, V. schaffneri contributes organic matter under its canopy and, as a nitrogen-
fixing species, it is particularly well-suited for restoring degraded soils (Gómez-Acata et al., 
2019). This study focuses on assessing how tree shelters influence the survival and early 
growth of Vachellia schaffneri seedlings in semiarid lands with soil conservation structures. 
The central hypothesis posits that tree shelters reduce herbivory damage and consequently 
enhance seedling survival and growth, especially under the microsite conditions created by 
soil conservation works. The findings may have practical implications for guiding future 
strategies in the restoration of degraded arid environments.

MATERIALS AND METHODS
Study area description
	 The research was conducted in a rangeland area of the Ejido Lázaro Cárdenas 
(Garabitos), located in the municipality of Durango, Durango, Mexico (24° 01’ 05.1” N, 
104° 45’ 53.9” W, at 1,990 meters above sea level). The site is situated on a south-facing 
hillside with a 15% slope. The climate is classified as temperate semiarid with summer 
rainfall, characterized by an average annual precipitation of 475 mm and a mean annual 
temperature of 17 °C. The surrounding native vegetation consists of shrubland and 
grassland, with dominant woody species such as huisache (Vachellia schaffneri), mesquite 
(Neltuma laevigata), and peach cactus (Opuntia durangensis), along with a diverse array of 
grass species in the herbaceous stratum. The soil is shallow (25 cm), stony, and has been 
subject to water erosion due to reduced herbaceous cover caused by overgrazing. In 2011, 
soil conservation structures were implemented on-site, consisting of 30 cm-high dry-stacked 
stone walls arranged along contour lines, spaced 25 meters apart. These structures have 
successfully retained sediment, contributing to soil accumulation and erosion control.

Planting and protection treatments
	 For the plantation establishment, one-year-old V. schaffneri seedlings were used, grown 
in 380 mL polyethylene tube containers. The growing substrate consisted of a mixture of 
50% composted pine bark, 30% peat, 10% perlite, and 10% vermiculite, enriched with 7 g/L 
of Multicote® slow-release fertilizer (NPK 18-6-12) with a release duration of nine months. 
The seedlings were propagated from mass-collected seed harvested from natural stands 
within the municipality of Durango. Prior to sowing, thermal scarification was applied by 
immersing the seeds in 90 °C water for one minute. The plantation was established using 
a bifactorial experimental design with two planting conditions: (1) on soil retained by the 
conservation structure, and (2) at a site without such structures, located midway between 
the stone bunds (Figure 1A). These were combined with two seedling protection treatments: 
(1) with protection using a polyethylene tube (milky white) with 45% light transmittance 
(Figure 1B), and (2) without a protective tube. The tree shelters measured 61 cm in height 
and 10.5 cm in diameter.
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	 For each combination of planting condition and protection treatment, 20 seedlings 
were established, distributed across four replicates of five individuals each, totaling 80 
plants in the experiment. Planting was carried out during the first week of October 2023, 
using a standard hole method with dimensions of 4040 cm and a spacing of 2.5 meters 
between plants.
	 At the individual plant level, survival, herbivory damage (expressed as a percentage), 
and growth parameters (height and stem diameter) were monitored at three time 
points: late winter (February 2024), early summer ( July 2024), and autumn (October 
2024, 12 months after planting). Additionally, in the final evaluation, plant branching 
was assessed by counting the number of primary branches and measuring the length 
of the basal branch (LBB) to detect potential changes in shoot allometry. During the 
monitoring period, total recorded rainfall at the site was 501 mm, with an average 
temperature of 20.7 °C. Mean daily maximum and minimum temperatures were 
30.7 °C and 12.1°C, respectively. During the spring and summer months, temperature 
f luctuations inside the tree shelters were evaluated. A temperature increases of up 
to 6 °C was observed within the tubes compared to ambient external conditions, 
particularly during the hottest part of the day (12:00 to 17:00 h). Conversely, in the 
early morning hours (6:00 to 9:00 h), temperatures inside the tubes were up to 5 °C 
lower than external temperatures (Figure 2A). Similarly, the photosynthetic photon f lux 
density (PPFD) inside the tubes was, on average, 55% lower than the PPFD measured 
outside (Figure 2B).

Statistical analysis
	 Statistical analyses were performed using R software, version 4.4.1 (R Core Team, 
2024). The effects of the tree shelters and planting microsite (position relative to the 
conservation structure) on the response variables were evaluated through two-way 
ANOVAs. Survival data and herbivory percentages were analyzed using generalized 
linear models (GLMs) with a binomial distribution. Similarly, the number of branches 
recorded at the end of the evaluation period was analyzed with a GLM employing a 
Poisson distribution.

Figure 1. Illustrative diagram of two plantation microsites (A): with and without construction work, and 
appearance of the tree shelters once installed (B), factors that were evaluated in huisache plants (Vachellia 
schaffneri).

A B
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	 Growth data (stem diameter and height) were analyzed using repeated measures 
ANOVA through mixed-effects models, with protection treatment, microsite, and time 
(months after planting, MAP) included as fixed effects, and individual plant treated as a 
random effect. When the effect of any factor or interaction was statistically significant, 
a Tukey’s post hoc test was conducted at 0.05. Assumptions of normality and 
homoscedasticity of residuals were verified using the Shapiro-Wilk and Levene’s tests, 
respectively.

RESULTS AND DISCUSSION
Survival and damage from herbivory
	 At 12 months post-planting, overall survival decreased to 87.3% (χ28.24, p0.004). 
The protective tube had no statistically significant effect on plant survival ( 21.51, 
p0.218). Seedlings with protection showed a survival rate of 91.7%, while those 
without protection had a survival rate of 81.0%. Additionally, the effect of planting 
location relative to the soil conservation structure was marginally significant ( 23.01, 
p0.083). Plants established within the conservation structure exhibited a survival rate 
of 82.1%, whereas those planted outside had a survival rate of 91.1%. Although there was 
no significant evidence of herbivory by small mammals (e.g., hares or rabbits) or domestic 
livestock, damage caused by defoliation from leaf-cutting ants (Atta sp.) was observed, 
particularly in late winter and early spring. In this regard, the tree shelters was found to 
reduce defoliation (Figure 3); however, this reduction was statistically significant only in 
the microsite outside the soil conservation structure (interaction: StructureProtection; 
2 6.023, p0.014). The higher incidence of defoliation in plants located within the 
conservation structures may be associated with the proximity of these microsites (i.e., 
stone bunds), which can create favorable habitats for insect populations, increasing 
their abundance and, consequently, the plantʼs vulnerability to defoliation, even when 
protection is in place (Pérez et al., 2022). Nonetheless, due to the high resprouting 
capacity of V. schaffneri, no direct impact of defoliation on plant survival was observed.

Figure 2. Air temperature (A) and photosynthetic photon flux density (B) on the outside (red) and inside (blue) 
of the tree shelters used for the individual protection of huisache plants (Vachellia schaffneri).

A B
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Figure 3. Percentage of defoliation in Vachellia schaffneri (huisache) seedlings under two planting conditions 
(microsites): (1) without soil conservation structures and (2) with soil conservation structures, and two protection 
scenarios: (1) without tree shelters and (2) with tree shelters. Different letters within each microsite condition 
indicate statistically significant differences (Tukey, 0.05).

Growth
	 The protective tube had a highly significant effect on height growth (F20.4, 
p0.001), whereas planting location relative to the soil conservation structure did not 
show a significant effect (F1.59, p0.212). The influence of the protective tube became 
especially evident beginning in the spring growth season (interaction: Time  Protection; 
F16.9, p0.001). After one year, protected plants reached nearly 60% greater height 
compared to unprotected ones, which exhibited negligible growth (Figure 4A).
	 Similarly, the tree shelters had a positive, albeit more moderate, effect on stem diameter 
growth (F3.96, p0.048). The soil conservation structure alone did not significantly 
affect diameter growth (F0.62, p0.433). However, by the end of the study, a significant 
three-way interaction was observed (TimeProtectionStructure; F5.29, p0.023), 
indicating that the positive effect of the protective tube on diameter growth was significant 
only in seedlings planted outside the soil conservation structures (Figure 4B).

Figure 4. Height (A) and stem diameter (B) growth of Vachellia schaffneri seedlings under two protection scenarios: 
with tree shelters (blue) and without tree shelters (red), and their interaction with planting condition (B): (1) 
with soil conservation structure (diamonds) and (2) without structure (squares). MAPMonths after planting.

A B
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	 The positive effect of protective tubes on aerial plant growth can be attributed not only 
to their role in preventing herbivory but also to the favorable microclimatic conditions they 
create. On one hand, the tubes significantly reduce direct solar radiation, as observed in 
the present study (Figure 2B), thereby lowering the risk of photoinhibition-induced stress 
and its consequent limitation on growth (Oliet et al., 2019; Rojas-Arévalo et al., 2022). On 
the other hand, the tubes may help generate a favorable soil moisture microenvironment 
by capturing both rainfall and dew that forms on the tube walls (del Campo et al., 2006; 
Oliet & Jacobs, 2007; Valenzuela et al., 2018). In this study, dew capture was likely, given 
the observed drop in internal tube temperature during the early morning hours (Figure 
2A), which was also visually confirmed during meassurement campaing.
	 Contrary to expectations, the microsite condition generated by the soil conservation 
structures did not substantially influence overall plant growth. However, diameter growth 
analysis revealed that this parameter was enhanced by the use of tree shelters, particularly 
in the condition without conservation structures, where soil moisture availability was 
presumably lower. In contrast, in seedlings planted within the conservation structures, the 
protective effect on diameter growth was less pronounced. This finding further supports 
the role of tree shelters in creating more favorable microenvironments, especially for 
enhancing soil moisture capture and retention (del Campo et al., 2006). At 12 months 
after planting, seedling branching was also affected by the tree shelters, but only in terms 
of basal branch length (F38.5, p0.001), while the effect on the number of branches 
was marginal ( 23.30, p0.069). In general, protected plants showed slightly greater 
branching (Figure 5A), and the length of the basal branch was twice as long as that observed 
in unprotected plants (Figure 5B).
	 Due to its shrubby growth habit, V. schaffneri tends to naturally branch from early 
developmental stages; however, this trait can be further stimulated by environmental 
disturbances (Teveni et al., 2020). In this study, the microenvironmental conditions 
created by the tree shelters did not significantly affect the number of branches but did 

Figure 5. Number of branches (A) and basal branch length of Vachellia schaffneri (huisache) seedlings 12 months 
after planting under two protection scenarios: with tree shelters (blue) and without tree shelters (red). Different 
letters within each variable indicate statistically significant differences (Tukey, 0.05).

A B
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influence branch elongation. This differential effect may be linked to a phototropic 
response (Fiorucci & Fankhauser, 2017), which is common in light-demanding species 
during their juvenile stage, such as Vachellias. Specifically, the reduced light availability 
inside the tubes particularly near the base likely triggered the elongation of branches and 
stems as a mechanism to increase light capture. Nevertheless, this effect may diminish 
once the shoots exceed the height of the protective tube (Bellot, 2002). Moreover, both 
stem diameter growth and branch elongation were found to be associated with defoliation 
damage. These variables, measured at the end of the study, showed negative correlations 
with the percentage of defoliation observed during the spring (six months prior), with 
correlation coefficients of 0.56 (p0.024) and 0.66 (p0.005), respectively (Figure 6). 
Partial or complete defoliation is known to directly reduce leaf area, thereby diminishing 
the plant’s photosynthetic capacity and limiting the accumulation of energy reserves 
(i.e., carbohydrates) (Eyles et al., 2013). Although recovery from defoliation is often rapid, 
resource allocation patterns can vary among plant organs. For instance, defoliated plants 
may prioritize allocating stored resources toward the production of new leaves rather 
than stem development (Wiley et al., 2013). This explains why plants that experienced 
higher levels of defoliation showed reduced stem diameter growth (Figure 6A), partially 
masking the protective tube’s effect on this variable during the initial months following 
defoliation (Figure 4B), especially considering that some protected plants were also affected 
by defoliation (Figure 3).

Figure 6. Relationship between spring defoliation percentage and basal branch diameter (A) and length (B) 
measured in autumn in huisache (Vachellia schaffneri) plants. The points represent the means per replicate, while 
the blue line and shaded area are the predicted data and confidence intervals, respectively.

A B

CONCLUSIONS
	 The use of individual protective tubes in the reforestation of huisache (Vachellia schaffneri) 
effectively reduces herbivore damage and insect defoliation, while significantly enhancing 
plant growth during the first year after planting. Although soil conservation structures help 
create favorable microenvironments for seedling establishment, they may also promote 
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the presence of insects and small fauna, thereby increasing the risk of herbivory regardless 
of the presence of protection. The findings of this study have practical relevance for the 
implementation of reforestation programs aimed at restoring natural populations of 
Vachellia schaffneri, particularly in degraded semiarid environments.

ACKNOWLEDGMENTS
	 This research was funded with fiscal resources from INIFAP through the project entitled “Integration of 

Technologies for the Agroecological Restoration of Marginal Lands in Semiarid Ecosystems of North-Central 

Mexico” (Project No. 0265435769).

REFERENCES
Abe, T. (2022). Effects of treeshelter on seedling performance: A meta-analysis. Journal of Forest Research, 27(3), 

171-181. https://doi.org/10.1080/13416979.2021.1992700.
Atinafu, M., Getnet, K., & Gojjam, A. (2024). Effects of physical soil and water conservation practices and slope 

gradient on soil physicochemical properties in northwestern Ethiopia. Arabian Journal of Geosciences, 
17(3), 102. https://doi.org/10.1007/s12517-024-11909-4

Bainbridge, D. A. (1994). Tree Shelters Improve Establishment on Dry Sites. Tree Planter’s Notes 45(1), 13-16.
Bellot, J. (2002). The effects of treeshelters on the growth of Quercus coccifera L. seedlings in a semiarid 

environment. Forestry, 75(1), 89-106. https://doi.org/10.1093/forestry/75.1.89.
Bergez, J. E., & Dupraz, C. (2009). Radiation and thermal microclimate in tree shelter. Agricultural and Forest 

Meteorology, 149(1), 179-186. https://doi.org/10.1016/j.agrformet.2008.08.003
Comisión Nacional Forestal. (2023). Manual de Obras y Prácticas de Protección, Restauración y Conservación 

de Suelos Forestales (6a edición).
Comisión Nacional Forestal (2024). Sistema Nacional de Monitoreo Forestal. 2022. Deforestación por tipo 

de ecorregión durante el periodo 2001-2022. SEMARNAT-CONAFOR. https://snmf.cnf.gob.mx/
deforestacion/. Consultado el 27/11/2024

del Campo, A. D., Navarro, R. M., Aguilella, A., & González, E. (2006). Effect of tree shelter design on water 
condensation and run-off and its potential benefit for reforestation establishment in semiarid climates. 
Forest Ecology and Management, 235(1), 107-115. https://doi.org/10.1016/j.foreco.2006.08.003

Eyles, A., Barry, K. M., Quentin, A., & Pinkard, E. A. (2013). Impact of defoliation in temperate eucalypt 
plantations: Physiological perspectives and management implications. Forest Ecology and Management, 
304, 49-64.

Fiorucci, A.-S., & Fankhauser, C. (2017). Plant Strategies for Enhancing Access to Sunlight. Current Biology, 
27(17), R931-R940. https://doi.org/10.1016/j.cub.2017.05.085

García Gallegos, E., Vázquez Cuecuecha, O. G., Guerra-De la Cruz, V., & Cocoletzi Pérez, F. J. (2023). 
Evaluación del efecto de obras de conservación en suelos forestales de Tlaxcala, México. Revista 
Mexicana de Ciencias Forestales, 14(78), 34-57. https://doi.org/10.29298/rmcf.v14i78.1385

García, D., & Obeso, J.R., (2003). Facilitation by herbivore-mediated nurse plants in a threatened tree, Taxus 
baccata: local effects and landscape level consistency. Ecography 26, 739-750. https://doi.org/10.1111/
j.0906-7590.2003.03601.x

Gómez-Acata, S., Amora-Lazcano, E., Wang, E. T., Rivera-Orduña, F. N., Cancino-Diaz, J. C., Cruz-Maya, 
J. A., & Jan-Roblero, J. (2019). Nodule-forming Sinorhizobium and arbuscular mycorrhizal fungi 
(AMF) improve the growth of Vachellia farnesiana (Fabaceae): An alternative for the reforestation of the 
Cerro de la Estrella, Mexico. Botanical Sciences, 97(4), 609-622. https://doi.org/10.17129/botsci.2200

González-Medrano, F. (2012). Las zonas áridas del norte de México y su vegetación (Primera Edición). 
Secretaría de Medio Ambiente y Recursos Naturales-Instituto Nacional de Ecología.

González-Elizondo, M. S., González-Elizondo, M., & Márquez Linares, M. A. (2007). Vegetación y 
ecorregiones de Durango (Primera Edición). Plaza y Valdez.

Grossnickle, S.C. (2018). Seedling establishment on a forest restoration site – An ecophysiological perspective. 
REFORESTA, 6:110-139. https://doi.org/10.21750/REFOR.6.09.62

Klik, A., Schürz, C., Strohmeier, S., Demelash Melaku, N., Ziadat, F., Schwen, A., & Zucca, C. (2018). 
Impact of stone bunds on temporal and spatial variability of soil physical properties: A field study 
from northern Ethiopia. Land Degradation & Development, 29(3), 585-595. https://doi.org/10.1002/
ldr.2893

https://doi.org/10.1080/13416979.2021.1992700
https://doi.org/10.1007/s12517-024-11909-4
https://doi.org/10.1093/forestry/75.1.89
https://snmf.cnf.gob.mx/deforestacion/
https://snmf.cnf.gob.mx/deforestacion/
https://doi.org/10.29298/rmcf.v14i78.1385
https://doi.org/10.21750/REFOR.6.09.62


138 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/1gn8wy77

Lewandrowski, W., Stevens, J. C., Webber, B. L., L. Dalziell, E., Trudgen, M. S., Bateman, A. M., & Erickson, 
T. E. (2021). Global change impacts on arid zone ecosystems: Seedling establishment processes are 
threatened by temperature and water stress. Ecology and Evolution, 11(12), 8071-8084. https://doi.
org/10.1002/ece3.7638.

Löf M., D.C. Dey, Navarro R. M. & Jacobs D. F. (2012). Mechanical site preparation for forest restoration. 
New Forests, 43:825-848.

Mohsin, F., Arias, M., Albrecht, C., Wahl, K., Fierro-Cabo, A., & Christoffersen, B. (2021). Species-specific 
responses to restoration interventions in a Tamaulipan thornforest. Forest Ecology and Management, 491, 
Article ID:119154. https://doi.org/10.1016/j.foreco.2021.119154

Monroy-Ata, A., Estevez-Torres, J., García-Sánchez, R., y Ríos-Gómez, R. (2007). Establecimiento de plantas 
mediante el uso de micorrizas y de islas de recursos en un matorral xerófilo deteriorado. Botanical 
Sciences, 80S, 49-57. https://doi.org/10.17129/botsci.1756

Nickele, M. A., Reis Filho, W., Oliveira, E. B. D., Lede, E. T., Caldato, N., & Strapasson, P. (2012). Leaf-
cutting ant attack in initial pine plantations and growth of defoliated plants. Pesquisa Agropecuária 
Brasileira, 47(7), 892-899. https://doi.org/10.1590/s0100-204x2012000700003

Oliet, J. A., & Jacobs, D. F. (2007). Microclimatic conditions and plant morpho-physiological development 
within a tree shelter environment during establishment of Quercus ilex seedlings. Agricultural and Forest 
Meteorology, 144(1), 58-72. https://doi.org/10.1016/j.agrformet.2007.01.012

Oliet, J. A., Blasco, R., Valenzuela, P., Melero de Blas, M., & Puértolas, J. (2019). Should we use meshes or solid 
tube shelters when planting in Mediterranean semiarid environments? New Forests, 50(2), 267-282. 
https://doi.org/10.1007/s11056-018-9659-z

Oliet, J. A., Planelles, R., Artero, F., & Jacobs, D. F. (2023). Mesh-shelters provide more effective long-term 
protection than tube-shelters or mulching for restoration of Pinus halepensis in a Mediterranean arid 
ecosystem. Frontiers in Forests and Global Change, 5, 1092703. https://doi.org/10.3389/ffgc.2022.1092703

Padilla, F. M., Miranda, J. D. D., Ortega, R., Hervás, M., Sánchez, J., & Pugnaire, F. I. (2011). Does shelter 
enhance early seedling survival in dry environments? A test with eight Mediterranean species: Tree 
shelter tubes in arid restorations. Applied Vegetation Science, 14(1), 31-39. https://doi.org/10.1111/j.1654-
109X.2010.01094.x

Pérez, D. R., Díaz, M., Duarte Baschini, C., & Sabino, G. (2022). Hidrogel y protección contra mamíferos 
en plantaciones de restauración ecológica en tierras secas: Una evaluación en Prosopis denudans var. 
denudans. Boletín de la Sociedad Argentina de Botánica, 57(2). https://doi.org/10.31055/1851.2372.v57.
n2.34107

Piñeiro, J., Maestre, F. T., Bartolomé, L., & Valdecantos, A. (2013). Ecotechnology as a tool for restoring 
degraded drylands: A meta-analysis of field experiments. Ecological Engineering, 61, 133-144. https://
doi.org/10.1016/j.ecoleng.2013.09.066

Ponce-Rodríguez, Ma. D. C., Prieto-Ruíz, J. Á., Carrete-Carreón, F. O., Pérez-López, M. E., Muñoz-Ramos, 
J. D. J., Reyes-Estrada, O., & Ramírez-Garduño, H. (2019). Influence of Stone Bunds on Vegetation 
and Soil in an Area Reforested with Pinus engelmannii Carr. In the Forests of Durango, Mexico. 
Sustainability, 11(18), 5033. https://doi.org/10.3390/su11185033

Prieto, R., J.A. y Goeche, T., J.R. Las Reforestaciones en México: Problemática y Alternativas de Solución. 
(Primera Edición) Editorial UJED.

R Core Team (2024). _R: A Language and Environment for Statistical Computing_. R Foundation for 
Statistical Computing, Vienna, Austria. <https://www.R-project.org/>.

Rojas-Arévalo, N., Ovalle, J. F., Oliet, J. A., Piper, F. I., Valenzuela, P., Ginocchio, R., & Arellano, E. C. 
(2022). Solid shelter tubes alleviate summer stresses during outplanting in drought-tolerant species of 
Mediterranean forests. New Forests, 53(3), 555-569. https://doi.org/10.1007/s11056-021-09872-z

Sosa-Castañeda, J., Montiel-González, C., Hinojo-Hinojo, C., Barrera-Silva, M. Á., López-Robles, G., 
Osuna-Chávez, R. F., Ibarra-Zazueta, C., y Celaya-Michel, H. (2019). Protección contra herbivoría en 
reforestación de terreno árido degradado, con palo verde (Parkinsonia microphylla Torr.). Ecosistemas y 
Recursos Agropecuarios, 6(18), 545-556. https://doi.org/10.19136/era.a6n18.2037

Teveni, P. C., Cox, R. D., & Sosebee, R. E. (2020). Characterizing Temporal Ecophysiology for Herbicide 
Management of Huisache (Vachellia farnesiana [L.] Willd.). Rangeland Ecology & Management, 73(6), 
871–878. https://doi.org/https://doi.org/10.1016/j.rama.2020.07.003

Valenzuela, P., Arellano, E. C., Burger, J., Oliet, J. A., & Pérez, M. F. (2018). Soil conditions and sheltering 
techniques improve active restoration of degraded Nothofagus pumilio forest in Southern Patagonia. 
Forest Ecology and Management, 424, 28–38. https://doi.org/10.1016/j.foreco.2018.04.042

Villar Salvador, P., & Oliet Palá, J. A. (2021). Factores y procesos ecofisiológicos determinantes del arraigo y 
establecimiento de las plantas en las repoblaciones forestales. En R. Serrada Hierro, Bases técnicas 

https://doi.org/10.1002/ece3.7638
https://doi.org/10.1002/ece3.7638
https://doi.org/10.1016/j.foreco.2021.119154
https://doi.org/10.1007/s11056-018-9659-z
https://doi.org/10.31055/1851.2372.v57.n2.34107
https://doi.org/10.31055/1851.2372.v57.n2.34107
https://doi.org/10.1016/j.ecoleng.2013.09.066
https://doi.org/10.1016/j.ecoleng.2013.09.066
https://doi.org/10.3390/su11185033
https://doi.org/10.1007/s11056-021-09872-z


139 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/1gn8wy77

y ecológicas del proyecto de repoblación forestal (Vol. 1, pp. 89-127). Ministerio para la Transición 
Ecológica y el Reto Demográfico.

Wadud, A. I., Bugalho, M. N., Vaz, P. G. (2024). Meta-analysis of livestock effects on tree regeneration in 
oak agroforestry systems. Journal of Environmental Management, 364, 121498. https://doi.org/10.1016/j.
jenvman.2024.121498

Welemariam, M., Kebede, F., Bedadi, B., & Birhane, E. (2018). Exclosures backed up with community-based 
soil and water conservation practices increased soil organic carbon stock and microbial biomass carbon 
distribution, in the northern highlands of Ethiopia. Chemical and Biological Technologies in Agriculture, 5, 
1-11. https://doi.org/10.1186/s40538-018-0124-1

Wiley, E., Huepenbecker, S., Casper, B. B., & Helliker, B. R. (2013). The effects of defoliation on carbon 
allocation: can carbon limitation reduce growth in favour of storage? Tree Physiology, 33(11), 1216-1228. 
10.1093/treephys/tpt093

Yirdaw E., Tigabu M., & Monge A. (2017). Rehabilitation of degraded dryland ecosystems – review. Silva 
Fennica 51(1B) 1673. 32 p. https://doi.org/10.14214/sf.1673

https://doi.org/10.1093/treephys/tpt093
https://doi.org/10.14214/sf.1673

	_GoBack
	_Hlk207017230
	_Hlk207112608
	_heading=h.kwjidonm1u8f
	_heading=h.4qgmh0erp8gw
	_Hlk198049944
	_Hlk198050014
	_Hlk198051630
	_Hlk198051722
	_Hlk198050062
	_Hlk198050403
	_Hlk198050425
	_Hlk198049944
	_Hlk198050014
	_Hlk198051630
	_Hlk198229395
	_Hlk198050062
	_Hlk198050403
	_Hlk198050425
	_Hlk199187002
	_Hlk35366170
	_Hlk199188420
	_Hlk206955679
	_Hlk206963383
	_Hlk206959926
	OLE_LINK13
	OLE_LINK2
	_go0a7vcxq2ei
	_4p4t2p4hefcq
	_heading=h.7366oef8vby5
	_heading=h.a037rgenzbdi
	_heading=h.cpmca3d9w5lr
	OLE_LINK15
	OLE_LINK3
	_Hlk199477453
	_Hlk210779005
	_heading=h.9v8a34ptwim9
	_heading=h.uyb4i2v9dxcy

