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Abstract

This study evaluates the long-term effectiveness of enrichment planting as a restoration strategy in Central Vietnam, 
focusing on the performance of Erythrophleum fordii and Manglietia conifera. A restoration site was established in 
2006 using a line planting over a 1-ha area, with no fertilizer applied and minimal tending during the first three 
years. After 18 years, E. fordii demonstrated superior growth performance, with a larger diameter at breast height 

-3 -1(21.1 cm) and standing volume (94.56 m  ha ), while M. conifera showed a lower diameter at breast height (16.8 cm) 
-3 -1and standing volume (55.15 m  ha ). Survival rates differed significantly between species, with E. fordii achieving 

88.0% compared to 73.3% for M. conifera. Notably, M. conifera had better stem quality (90.9%) compared to E. 
fordii (80.8%). Regression analysis revealed weak to moderate correlations between growth parameters for E. 
fordii, indicating complex growth dynamics, while M. conifera exhibited minimal correlations, suggesting other 
factors influence its development. These findings highlight the species-specific trade-offs and complementary roles 
in mixed-species planting. This research provides descriptive evidence of the potential for enrichment planting to 
establish valuable tree species in degraded forests, emphasizing the importance of species selection and 
management strategies for achieving restoration objectives in sustainable forest management.

Keywords: mixed-species enrichment, restoration goals, species-specific trade-offs, sustainable timber 
management, tropical forest restoration
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Introduction
Forests in tropical regions play a pivotal role in global 

biodiversity conservation, carbon sequestration, and provi-
ding livelihoods for local communities (  et al., 2022). Artaxo
Vietnam's tropical forests, once covering vast expanses, have 
experienced significant deforestation and degradation due to 
agricultural expansion, logging, and infrastructure develop-
ment (Meyfroidt & Lambin, 2008). These activities have not 
only reduced forest cover but also impacted ecosystem 
services and biodiversity. To address these challenges, 
various forest restoration strategies have been employed, 
among which enrichment planting has gained prominence as 
an effective approach for rehabilitating degraded forests and 
enhancing their ecological and economic value (Sovu et al., 
2010; Kefyalew et al., 2023).

Enrichment planting involves the deliberate introduction 
of valuable tree species into degraded or secondary forests to 
accelerate recovery and improve forest composition (Ashton 
et al., 2001; Paquette et al., 2009; Sovu et al., 2010). This 
technique is particularly suited for tropical regions where 
natural regeneration alone is insufficient to restore degraded 
ecosystems within reasonable timeframes (Chazdon, 2008). 
In Vietnam, enrichment planting has been widely adopted in 

restoration projects, especially in areas dominated by 
evergreen broadleaf forests, which are among the most 
threatened ecosystems. 

Despite widespread application, several knowledge gaps 
persist regarding enrichment planting effectiveness. Limited 
long-term performance data (>15 years) exists for tropical 
enrichment systems, particularly regarding species-specific 
growth comparisons in Southeast Asian contexts (Sovu et al., 
2010). Additionally, there is insufficient understanding of 
mixed-species interactions in enrichment systems and 
optimal species combinations for different site conditions 
(Marshall et al., 2022). Most studies focus on short-term 
establishment success rather than long-term productivity and 
sustainability outcomes (Paquette et al., 2009). A systematic 
review of enrichment planting literature in Southeast Asia 
reveals that most studies (>70%) focus on establishment 
success (1–5 years) rather than long-term performance 
outcomes. Furthermore, limited comparative data exists on 
species-specific growth patterns and mixed-species 
interactions in tropical monsoon climates. Specifically, no 
long-term studies (>15 years) have compared Erythrophleum 
fordii and Manglietia conifera's performance in enrichment 
systems, creating a significant knowledge gap that this 

Figure 2	Hypothesized model of community support for conservation policy.

Figure 3	Conceptual diagram of sustainable ecotourism development influence.

Variable Scale Question Description 

Natural 
landscape 
protection 

Nominal "Does the area have policies 
for natural landscape 
protection? (Yes/No)" 

No: Indicates no active measures, 
suggesting vulnerability to exploitation or 
mismanagement. Yes: Reflects active 
conservation initiatives to safeguard 
forests, possibly involving legal protections 
and community-led management. 

Eco-friendly 
infrastructure 

Nominal "Is there eco-friendly 
infrastructure in place to 
support forest ecosystems? 
(Yes/No)" 

No: Absence of infrastructure mindful of 
environmental impact, potentially leading 
to forest degradation. Yes: The presence of 
infrastructure designed or modified to 
minimize the ecological footprint supports 
forest sustainability. 

Adaptive 
operations 

Nominal "Do local businesses practice 
adaptive operations that 
consider environmental 
impacts? (Yes/No)" 

No: Operations not considering ecological 
limits risk forest health and biodiversity. 
Yes: Operations that adjust business 
practices to promote environmental 
stewardship and balance with economic 
activities. 

Local training 
and support 

Nominal "Is there local training and 
support available for forest 
conservation? (Yes/No)" 

No: A lack of community knowledge and 
conservation skills leads to potential 
unsustainable practices. Yes: A structured 
approach to community education and 
empowerment for sustainable forest 
management. 

Gender Nominal "What is your gender? 
(Male/Female)" 

Male/Female: Identifies gender-specific 
contributions and perspectives in forest 
conservation, crucial for developing 
inclusive strategies. 

Income Ordinal "Which income bracket do you 
fall into? (Below IDR1,000,000, 
IDR1,000,000 – IDR3,000,000, 
IDR3,000,001–IDR5,000,000, 
Above IDR5,000,000)" 

Various brackets: Reflects the financial 
capacity to support conservation and the 
economic dependence on forest resources. 

Age Ordinal "Please select your age range. 

(18-29, 30-39, 40-49)" 

Various age groups: Shows the spread of 
conservation knowledge and openness to 
adopting conservation practices across 
generations. 

Occupancy 
(Occupation) 

Nominal "What is your occupation? 
(e.g., Company employee, 
NGO worker, Government 
officer, Educator, Private 
business owner, Seller, 
Student, Tourist operator)" 

Varied occupations: Assesses how different 
professional sectors impact and engage 
with forest conservation. 

Settlement Nominal "Do you live in an island 
community or a non-island 
community?" 

Islands community/non-islands 
community: Highlights conservation 
challenges specific to isolated or resource-
limited communities versus mainland 
communities. 

Support 
policy 

Nominal "Does the area have a support 
policy for forest conservation 
efforts? (Yes/No)" 

No: Indicates the absence of 
formal strategies or programs to assist in 
forest conservation, potentially leading to a 
lack of structured support for such 
initiatives. Yes: Signifies that established 
policies or programs offer assistance or 
incentives for forest conservation, 
reflecting a commitment to reinforcing 
conservation efforts through policy 
support. 
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research addresses.
Among the species used in Vietnamese restoration 

programs, E. fordii and M. conifera stand out for their 
ecological importance and economic potential. These species 
serve important roles in regional biodiversity conservation 
and species preservation efforts, as they provide high-quality 
timber and non-timber forest products, making them 
valuable for sustainable forest management (Doc et al., 2015; 
Thanh et al., 2023).

E. fordii, commonly referred to as “ironwood,” is a 
medium- to large-sized evergreen tree native to Southeast 
Asia (Wen et al., 2023). Known for its dense and durable 
timber, the species is highly resistant to termites and decay, 
making it a preferred material for construction and furniture. 
However, overharvesting and habitat loss have led to a 
dramatic decline in its natural populations, classifying it as a 
threatened species in Vietnam (Sein & Mitlöhner, 2011). 
Similarly, M. conifera is an evergreen broadleaf species 
valued for its timber. Despite its economic significance, 
limited information is available regarding its natural distri-
bution and ecological characteristics, which complicates 
conservation and restoration efforts (Ha et al., 2022). The 
success of enrichment planting projects depends on various 
factors, including site selection, species compatibility, 
planting techniques, and post-planting management 
(Chazdon, 2008). The complex topography and tropical 
monsoon climate of Central Vietnam provide both 
opportunities and challenges for implementing such projects 
(Pilarczyk & Nuoi, 2005). 

This study addresses the identified knowledge gaps by 
providing 18-year longitudinal data on species performance, 
comparing growth characteristics of two economically 
important species, and evaluating species-specific responses 
to enrichment planting conditions in Central Vietnam's 
monsoon climate. This study aims to evaluate the 
effectiveness of enrichment planting as a restoration strategy 
in Central Vietnam, focusing on the performance of E. fordii 
and M. conifera by analyzing long-term growth with the 
following specific objectives: 1) evaluate the long-term 
growth performance and survival of both species in 
enrichment planting systems, 2) analyze growth relation-
ships and architectural differences between species, and 3) 
assess the potential for mixed-species restoration in Central 
Vietnam.

Methods
Study site A restoration site of M. conifera and E. fordii was 
established in 2006 by local farmers as part of an enrichment 
silviculture practice in Nghe An Province, Central Vietnam 
(N19°44′26″, E104°58′48″), at an elevation of 173 m above 
sea level. The site was previously degraded through selective 
logging activities (2000-2005), resulting in clear indicators 
of forest degradation, including canopy openness of 60–70% 
(compared to 10–20% in intact forests), basal area of 9–13 m² 

-1 -1ha  (versus 25–35 m² ha  in natural forests), presence of 
invasive grasses (Imperata cylindrica, Chromolaena odo-
rata), soil compaction from logging machinery, and absence 
of natural regeneration of climax species. The site is 
characterized by an evergreen broadleaved forest dominated 
by species such as Schima wallichii, Cinnadenia paniculata, 

Lithocarpus ducampii, Syzygium wightianum, and Litho-
carpus dealbatus. Notably, M. conifera is absent from this 
area, and E. fordii is scarce due to previous overharvesting. 
The natural vegetation consists of tropical evergreen 
broadleaf forests, although significant areas have been 
modified by human activities. The forest stand exhibits a 
density of 350–450 stems per hectare, a canopy height of 
14–16 m, an average stem diameter of 20–25 cm, and a 
canopy cover ranging from 0.4 to 0.5.

The area features a complex topography characteristic of 
the region's mountainous terrain. It experiences a tropical 
monsoon climate with distinct wet and dry seasons. Annual 
precipitation ranges from 1,500 to 2,000 mm, with the 
majority occurring during the rainy season (May to October). 
The mean annual temperature fluctuates between 22 °C and 
25 °C, with significant diurnal and seasonal variations. Soils 
are predominantly ferralitic, developed from various parent 
materials, including limestone and metamorphic rocks. 
These soils are shallow, well-drained, and poor in humus 
content. The region occasionally experiences extreme 
weather events, such as tropical storms during the monsoon 
season and periodic droughts during the dry season 
(November to April).

The restoration site, which spans 1 ha (0.5 ha for each 
species), employed a line planting technique. This involved 
creating 2-m-wide cleared strips by removing all understory 
vegetation (shrubs and herbaceous plants) below 1 m in 
height. Canopy trees and vegetation above 1 m were retained 
to maintain partial shade and forest structure. The distance 
between planting lines was 3 m. Within each line, M. conifera 
and E. fordii were mixed-planted in a 1:1 ratio, with 5 m 
between individual trees, resulting in a spacing of 5 m × 5 m. 
Planting holes measuring 40 cm × 40 cm × 40 cm were 
prepared. Seedlings used were 0.5–0.7 m in height with root 
collar diameters of 0.8–1.2 cm. No fertilizer was applied at 
planting or afterward. Tending was conducted during the first 
three years after planting, consisting of weeding, soil 
mounding around seedlings (a common practice in Central 
Vietnam's monsoon climate to improve drainage during wet 
seasons and enhance water retention during dry periods), and 
vine cutting.

Data collection Sample plots, each measuring 1,000 m² (25 
m × 40 m), were established using stratified random sampling 
based on topographic position within the restoration site to 
ensure representation of site variability. While our 1-ha study 
represents a pilot-scale implementation typical of farmer-
managed restoration, the results are applicable to similar site 
conditions in Central Vietnam, though landscape-level 
extrapolation requires caution. Within each plot, all surviving 
stems of M. conifera and E. fordii were measured for 
diameter at breast height (D , cm), total height (H, m), height 1.3

to crown base (H , m), and crown diameter (D , m). Dead cb c

stems were recorded to estimate survival rates.
Surviving stems were classified into three quality 

categories: good, medium, or poor. Good stems were 
characterized by straight growth, a symmetrical crown, and 
absence of disease. Poor stems were identified as having 
curved trunks, asymmetrical crowns, and signs of disease. 
Medium stems exhibited characteristics intermediate 
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between the good and poor categories.

3Data analysis Standing volume (V; m ) was estimated as V = 
2GHf, note G = (3.14 (D /100) )/4, H is total height, and f is 1.3

stem form factor, set at 0.5 (Forest Inventory and Planning 
Institute, 2002).  We acknowledge that this form factor 
represents a simplified approximation. Comparison with 
regional equations for similar species and uncertainty 
analysis indicated potential errors of ±10% (Forest Inventory 
and Planning Institute, 2002). Additionally, we lack 
comprehensive baseline data of initial forest conditions, 
which limits the ability to quantitatively assess restoration 
gains over time or compare pre- and post-intervention 
conditions.

Means and standard errors were calculated for all 
parameters of both species. Comparative analyses were 
conducted to assess interspecific differences in each 
parameter and identify the better-performing species. 
Regression analyses were used to examine the relationships 
between stem diameter and total height, stem diameter and 
crown diameter, and stem diameter and height to crown base, 
separately for each species and for the combined dataset. 
These regression models provide baseline relationships but 
do not account for potential confounding factors such as 
topographic variation, competition with surrounding vege-
tation, or micro-site conditions. The statistical procedures 
included descriptive statistics, t-tests, linear regression, and 
correlation analysis. While nonlinear or mixed-effects 
models may better capture complex growth dynamics, linear 
regression was selected as a baseline framework due to 
limited sample size and convergence issues. All statistical 
analyses were performed using SAS 9.2 (SAS Institute Inc., 
Cary, NC, USA), with the significance level set at p-value = 
0.05.

Results
The growth parameters of M. conifera and E. fordii were 

evaluated over an 18-year post-planting period. Analysis 
revealed significant differences for growth parameters 
between two species, except stem height (H) (Table 1). E. 
fordii demonstrated superior diameter at breast height (D ) 1.3

with 21.1 ± 1.0 cm compared to that of M. conifera (16.8 ± 1.2 
cm). Total height (H) measurements were comparable 
between species, with M. conifera reaching 14.9 ± 0.4 m and 
E. fordii attaining 14.4 ± 0.5 m. Height to crown base (H ) cb

was significantly greater in M. conifera (6.7 ± 0.5 m) relative 
to E. fordii (5.2 ± 0.4 m), while crown diameter (D ) exhibited c

an inverse relationship with E. fordii displaying significantly 
larger values (6.1 ± 0.5 m versus 4.6 ± 0.3 m). M. conifera 
exhibited superior stem quality (90.9%) but lower survival 
rates (73.3%) compared to E. fordii (80.8% and 88.0%, 
respectively). Notable differences were observed in standing 

-1volume, with E. fordii achieving 94.56 m³ ha , substantially 
-1exceeding 55.15 m³ ha  of M. conifera. These findings 

suggest species-specific trade-offs between growth 
parameters and survival rates at this site.

The relationships among growth parameters for E. fordii 
were analyzed through three distinct correlations with D  1.3

(Figure 1) Analysis revealed varying degrees of association . 

between parameters. H showed a weak but significant 
positive correlation with D  (R² = 0.09, p-value = 0.03), 1.3

following the regression equation y = 0.15x + 11.19 H  cb

demonstrated no significant relationship with D (R² = 0.01, 1.3 

p-value = 0.73), as evidenced by the nearly horizontal 
regression line (y = 0.03x + 4.57). The strongest correlation 
was observed between D  and D , exhibiting a positive c 1.3

relationship of moderate (Cohen, 1988) strength according to 
Cohen's guidelines (R² = 0.31, p-value = 0.00) described by 
the equation y = 0.28x + 0.29. The scatter plots indicate 
considerable phenotypic variation within the population, 
with data points displaying notable dispersion around the 
regression lines, particularly in the relationship between H 
and D . These findings suggest that while some growth 1.3

parameters of E. fordii are significantly correlated with trunk 
diameter, the relationships are generally moderate to weak, 
indicating complex growth patterns influenced by multiple 
factors.

Figure 2 presents the relationships among growth 
parameters for M. conifera. The analysis reveals weak 
correlations across all parameters. H exhibited a negligible 
correlation with D  (R² = 0.01, p-value = 0.66), with a 1.3

regression equation of y = 0.03x + 14.30, indicating that tree 

   
 
 

  
  

  

 

  
 

 

 
Figure 1 Relationships among growth parameters for Ery-throphleum fordii.

Table 1 Growth parameters of two studied species after planting 18 years 
D (cm)  

  

H (m)  
  

Hcb  (m)   Dc  (m)   Good quality 
stems  (%)  

Survival 
rate (%)  

Standing 
volume (m3/ha)  

Manglietia conifera   16.8 ±  1.2  a   14.9 ±  0.4   6.7 ±  0.5  a   4.6 ±  0.3  a  90.9  73.3  55.15  
Erythrophleum fordii   21.1 ±  1.0  b   14.4 ±  0.5   5.2 ±  0.4  b   6.1 ±  0.5  b  80.8   88.0  94.56  
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height remains relatively constant regardless of trunk 
diameter. H  showed a marginally stronger but still weak cb

positive relationship with D  (R² = 0.14, p-value = 0.08), 1.3

described by y = 0.14x + 4.35, though this relationship failed 
to achieve statistical significance at the conventional p-value 
= 0.05 level. D  demonstrated minimal correlation with D  c 1.3

(R² = 0.05, p-value = 0.33), following the equation y = 0.03x + 
3.87. The scatter plots reveal substantial variation around the 
regression lines, particularly evident in the height 
measurements. These findings suggest that the growth 
parameters of M. conifera develop largely independently of 
trunk diameter, indicating that other environmental or 
genetic factors may play more significant roles in 
determining these architectural characteristics.

Combined analysis of growth parameters for both M. 
conifera and E. fordii reveals intriguing patterns in their 
dimensional relationships (Figure 3). When examining the 
pooled data, D  proved to be a poor predictor of all three 1.3

growth parameters. The relationship between H and D  1.3

yielded a negligible coefficient of determination (R² = 0.02) 
with no statistical significance (p-value = 0.31), as expressed 
by the equation y = 0.06x + 13.47. Similarly, H  showed cb

virtually no correlation with D  (R² = 0.01, p-value = 0.66), 1.3

following y = 0.03x + 5.40. In contrast, crown diameter (D ) c

emerged as the only parameter exhibiting a meaningful 
relationship with D , demonstrating a moderate positive 1.3

correlation (R² = 0.24) that was highly significant (p-value = 
0.00), described by y = 0.18x + 2.05. The considerable scatter 
observed in all three relationships, particularly pronounced 
in the height measurements, underscores the complex nature 
of tree architecture and suggests that species-specific growth 
strategies may be masked when data are pooled across 
species.

Discussion
This study highlights the performance of enrichment 

planting as a restoration strategy for degraded tropical 
forests, focusing on the long-term growth performance 
(  et al., 2021) of E. fordii and M. conifera in Central Bernard
Vietnam. The findings reveal significant differences in 
growth parameters and survival rates between the two 
species, underscoring the need for species-specific 
management practices to optimize restoration outcomes 
(Chaonan & Feng, 2024).

The superior growth performance of E. fordii (Table 1), as 
evidenced by its greater diameter at breast height and 
standing volume compared to M. conifera, aligns with its 
ecological traits and adaptability to tropical environments 
(Sein & Mitlöhner, 2011). The average D  of E. fordii (21.1 1.3

cm) and its standing volume (94.56 m³/ha) reflect its 
potential for timber production, supporting its inclusion in 
restoration projects aimed at economic and ecological 
benefits. Previous studies have similarly reported the high 
timber quality and growth potential of forest trees in 
Southeast Asia (Zhao et al., 2011; Wen et al., 2023). 
Conversely, M. conifera exhibited higher stem quality 
(90.9%) but lower survival rates (73.3%) compared to E. 
fordii. This discrepancy appears to be related to its sensitivity 
to site conditions and competition, which warrants further 
investigation into its ecological requirements. The weak 
correlations between D  and other growth parameters for M. 1.3

conifera suggest that genetic or micro-environmental factors 
might significantly influence its development. This finding 
aligns with observations from other studies on species with 
similar growth patterns (Huang et al., 1997).

The survival and growth trade-offs observed between the 
two species emphasize the importance of mixed-species 
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Figure 2 Relationships among growth parameters for Manglietia conifera.

Figure 3 Relationships among growth parameters for both species combined.
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restoration sites (Corsa et al., 2018). Mixed restoration 
approaches can enhance biodiversity and ecosystem 
resilience by mimicking natural forest dynamics and redu-
cing vulnerability to pests and diseases (Ashton et al., 2001; 
Sovu et al., 2010). The use of mixed-species arrangements, as 
implemented in this study, contributes to a balanced trade-off 
between ecological and economic goals, aligning with global 
trends in sustainable forest management (Paquette et al., 
2009).

The species demonstrate complementary functional traits 
that support mixed-species management: E. fordii exhibits 
shade tolerance with broader crowns and a gap-phase 
regeneration strategy, achieving higher survival rates (88%) 
and superior volume production. In contrast, M. conifera 
displays light-demanding characteristics with narrow 
crowns, better natural pruning (higher crown base), and 
superior stem quality (90.9%). These architectural 
differences indicate that E. fordii may be better suited for 
understory conditions, while M. conifera performs optimally 
in higher light environments. The moderate correlation 
(Cohen, 1988) between D  and D  in E. fordii (R² = 0.31) 1.3 c

indicates its growth strategy focused on crown development, 
though this relationship requires validation through 
physiological evidence and direct light interception 
measurements to confirm light capture optimization. In 
contrast, the weak correlations across growth parameters for 
M. conifera suggest that its growth may be less reliant on 
above-ground competition and more influenced by below-
ground factors, such as root development and nutrient uptake 
(James, 2003). These species-specific growth strategies 
highlight the necessity of tailored management practices to 
support their coexistence and maximize restoration site 
productivity (Chazdon, 2008; Sein & Mitlöhner, 2011).

After 18 years, competition between species is evident, 
particularly affecting M. conifera survival rates. Manage-
ment recommendations include 1) immediate selective 
thinning to reduce competition and enhance growth of best-
formed individuals, 2) maintaining a mixed-species compo-
sition with approximately a 60:40 ratio (E. fordii:M. coni-

-1fera), 3) reducing current stand density to ~250 stems ha  to 
optimize timber quality and growth rates, and 4) implemen-
ting future thinning cycles every 5–7 years until final harvest.

The role of post-planting management cannot be 
overstated in influencing the success of enrichment planting 
(Marchall et al., 2022). Tending practices, including weeding 
and soil mounding, were crucial in the early stages of this 
project, reducing competition and improving seedling 
establishment (South et al., 2011). The absence of fertilizer 
application highlights the potential for low-input restoration 
techniques, which are particularly relevant for resource-
limited contexts. This approach aligns with findings from 
similar studies emphasizing the cost-effectiveness of 
minimal-input strategies in tropical forest restoration 
(Artaxo et al., 2022; Kefyalew et al., 2023).

The climatic and edaphic conditions of the study site also 
played a critical role in shaping the outcomes. The tropical 
monsoon climate, characterized by distinct wet and dry 
seasons, imposes significant stress on planted species, 
particularly during the dry season ( . Hofhansl et al., 2020)
Ferralitic soils, which are shallow and low in organic matter, 
further exacerbate these challenges. Species selection must 

therefore prioritize traits such as drought tolerance and 
nutrient efficiency to ensure successful establishment in such 
environments (Ha et al., 2022; Pilarczyk & Nuoi, 2005).

Comparison with other natural regeneration areas 
-1 showed minimal tree establishment (<100 stems ha after 18 

years) with predominantly pioneer species, supporting the 
need for active restoration interventions (Ministry of 
Agriculture and Rural Development, 2010; Millet et al., 
2013). However, we acknowledge that the absence  of 
control treatments linits stronger conclusions about 
enrichment planting effectiveness compared to natural 
regeneration.

The findings of this study contribute to the broader 
understanding of species-specific responses to enrichment 
planting in degraded tropical forests (Rodrigo et al., 2021). 
By demonstrating the contrasting growth patterns and 
ecological roles of E. fordii and M. conifera, this research 
underscores the importance of diversifying species selection 
to achieve multifunctional restoration objectives. Genetic 
diversity within these species represents an important factor 
influencing restoration success and should be investigated in 
future studies to identify superior genotypes for restoration 
purposes. Such research should also investigate their 
interactions with other native and non-native species to 
optimize restoration site performance (Thanh et al., 2023).

Monitoring and evaluation are essential components of 
long-term restoration projects (Jeffrey et al., 2006). The 18-
year data presented in this study provide valuable insights 
into the growth dynamics of the planted species and their 
responses to environmental and management factors. Such 
longitudinal studies are critical for refining restoration 
practices and ensuring their alignment with ecological and 
socio-economic goals (Clémentine et al., 2024). Incorpo-
rating remote sensing technologies and advanced statistical 
models could further enhance the monitoring of restoration 
outcomes and inform adaptive management strategies 
(Meyfroidt & Lambin, 2008; Paquette et al., 2009).

Local farmers implemented the enrichment planting as 
part of government-supported forest restoration programs, 
contributing labor and maintenance during the establishment 
phase. Economic incentives, such as income from timber and 
non-timber forest products, can further motivate community 
participation and support long-term conservation goals. This 
participatory approach aligns with global best practices in 
community-based forest management (Chazdon, 2008; Sovu 
et al., 2010). For example, farmers in Dong Van Commune 
reported using thinning-derived wood for domestic needs 
and received technical training under government refores-
tation programs (Ministry of Agriculture and Rural 
Development, 2010).

This study provides descriptive evidence of the potential 
for enrichment planting as a viable strategy for establishing 
valuable tree species in degraded tropical forests in Central 
Vietnam. By leveraging the complementary traits of E. fordii 
and M. conifera, mixed-species restoration can contribute 
toward achieving a balance between ecological and 
economic objectives. However, the success of such projects 
depends on careful species selection, tailored management 
practices, and active community involvement. Future 
research should focus on scaling up these findings to broader 
landscapes and exploring innovative approaches to enhance 
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the resilience and functionality of restored forests. As 
findings are site-specific, caution should be taken in 
generalizing to broader ecological areas without further 
multi-site verification.

Conclusion  
The findings of this study provide descriptive evidence of 

the performance of enrichment planting as a promising 
approach for establishing valuable tree species in degraded 
tropical forests in Central Vietnam. Over an 18-year period, 
E. fordii exhibited superior growth performance with a 
significantly larger diameter at breast height (21.1 cm) and 

-1standing volume (94.56 m³ ha ) compared to M. conifera, 
which had a diameter at breast height of 16.8 cm and a 

-1standing volume of 55.15 m³ ha . Additionally, M. conifera 
displayed higher stem quality (90.9%) but lower survival 
rates (73.3%) than E. fordii (80.8% and 88.0%, respectively). 
The study highlighted species-specific trade-offs, such as E. 
fordii demonstrating a larger crown diameter (6.1 m), which 
supports efficient crown development, while M. conifera had 
a greater height at the crown base (6.7 m), indicating 
structural differences in growth strategies. Regression 
analysis revealed weak to moderate correlations between 
growth parameters for E. fordii, suggesting complex growth 
dynamics, while M. conifera exhibited negligible 
associations, implying its growth is influenced by other 
factors. These results emphasize the complementary roles of 
the two species, with E. fordii being suitable for timber 
production and M. conifera contributing to ecological 
diversity and aesthetic quality. While these results 
demonstrate successful species establishment and growth, 
future research with control treatments is needed to 
conclusively evaluate the effectiveness of enrichment 
planting compared to natural regeneration. Additionally, 
genetic diversity within these species should be investigated 
to identify superior genotypes, and adaptive management 
strategies should be developed to optimize their potential in 
mixed-species restoration sites, ensuring sustainable forest 
restoration and biodiversity conservation.
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