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HIGHLIGHTS  GRAPHICAL ABSTRACT 

• European larch is an important 

conifer tree species in Romania.  

•Large among population 

genetic variation was observed. 

 • The study is important to 

establish appropriate 

conservation strategies of 

breeding.  
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European larch is one of the most important coniferous species in 

Romania. It is a fast-growing tree used frequently in reforestations along 

the Romanian Carpathians. Its natural distribution area in Romania is 

discontinuous and very limited, representing only 0.3% of the forest area. 

A series of common garden experiments using European and local larch 

provenances was established in 1982. The objective of our study was to 

assess the genetic variability of economic and adaptive traits among 

European larch provenances, tested in two field trials, to select the best 

provenances in terms of growth traits, stem straightness, and survival. 

We also investigated the phenotypic correlations among traits and 

genotype vs. environment interaction. The analyzed traits included total 

height, diameter at breast height, volume per tree, pruned height, stem 

straightness, and survival percentage. The results indicate a large genetic 

variation within the populations of European larch. The Romanian 

provenances have a lower growth compared to those from Central Europe 

but very good stem straightness. The environment factor was significant, 

therefore the response of the species to climate change will depend on the 

environmental conditions of the planting site. 
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1. INTRODUCTION

The European larch is distributed discontinuously from eastern France to central and south-

eastern Italy, and to the mountains of Southern, Central, and Eastern Europe [1]. The Alps are the 

natural and largest continuous habitat of the European larch. Native stands are located mostly at 

high altitudes (1000-2900 m), up to the treeline, in the Eastern Alps. The best growth is recorded at 

the altitudes of 1400-1500 m, while at higher altitudes European larch grows less vigorously and 

faces less competition from other tree species. Larch forests have been estimated to account for 

around 4% of Europe’s total coniferous forest and for less than 1% of the total forest [2]. In Romania, 

European larch covers around 30,000 ha [3], with the natural distribution area concentrated into five 

centers: Ceahlău, Ciucaş, Bucegi, Lotru, and Apuseni Mountains, totaling approximately 4500 ha. 

European larch is a fast-growing species with high-quality wood and high air-pollution 

resistance. It is particularly shade intolerant compared to other conifers, but it can cope with poor 

soil and less water availability [4-6]. European larch has double the photosynthesis rates of higher 

nitrogen levels inside the leaf and a greater leaf area, resulting from less investment in structural 

tissue and a more carbon-efficient crown shape and canopy structure [7,8]. 

The European larch, which has a significant level of genetic variation in terms of major 

economic traits, is one of the most studied forest tree species in Europe. International provenance 

experiments have identified the best European larch populations regarding growth traits, resistance 

to diseases and abiotic factors. There is large genetic differentiation within and among local larch 

populations, which has led to a strong geographic variation in their economic and adaptive traits, 

as a species with a fragmented distribution [9]. As a result, this genus has been intensively studied 

since the beginning of the large provenance experiments coordinated by the International Union of 

Forestry Research Organizations (IUFRO). In 1944, R. Schober organized the first international 

experiment on this species, followed, in 1958, by further studies [10,11]. In Romania, European larch 

breeding program started in 1978 and 1982 by establishing two series of common garden 

experiments through international collaboration (six geographic locations), using Romanian and 

foreign larch provenances [12]. Afterwards, 26 seed orchards (134 ha) have been established in 

Romania of which three (15 ha) are of interspecific hybridization (Larix x eurolepis), and more than 

300 plus trees have been grafted [13]. 

Despite the economic importance of European larch for some populations of sudetica and 

polonica varieties [4-6,11,14] and alpine and Romanian Carpathians larch [15], genetic variation of 

the traits has also been highlighted. The findings showed that, among the European larch progeny 

from the same provenance, there were significant differences in their growth characteristics, 

adaptability and wood quality [16-19]. Genetic variability has also been found in resistance to canker 

disease (Lachnellula willkommii), which is harmful in European larch. The European larch has shown 

significant genetic variation throughout the species range related to sensitivity to drought [20]. 

Knowledge of the geographical genetic variation of the European larch populations in 

Romania is becoming increasingly important in the context of climate change, in order to establish 
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the appropriate strategies for the conservation of forest genetic resources, improve species 

adaptability to climate change, and continue the European larch breeding program [17,18]. 

The objective of this study was to investigate 1) genetic variability of the economic and 

adaptive traits among European larch provenances tested in field trials, 2) phenotypic correlations 

among traits and 3) genotype-environment interaction, in order to select the best provenances, in 

terms of growth traits, stem straightness and adaptive capacity, as valuable germplasm sources for 

reforestation and breeding programs. 

2. MATERIALS AND METHODS

The material for this study consisted of 16 European larch provenances - seven Romanian and 

nine foreign, from Germany (three), Austria (two), Belgium (one), and Slovakia (three) (Table 1). 

The provenances tested originated from seed orchards, plantations, and natural stands. Out of the 

total number, eight provenances are common in both trials: 30 (Harbker, Hanau 11, seed orchard) 

and 31 (Hanau 11, seed orchard) from Germany; 54, 55 (Bicaz, artificial stand), 59 (Sinaia, artificial 

stand) and 62 (Brașov, artificial stand) from Romania; and 63 (Zilina-Hradok), 65 (Keimarok-Lubica) 

from Slovakia [21]. Romanian provenances come from five natural populations (native to the 

Romanian Carpathians), five artificial stands of unknown origin, and two seed orchards. The 

Furnicoși seed orchard is an interspecific hybridization (Larix decidua x L. leptolepis) seed orchard and 

plus trees of European larch originated from Brașov, Sinaia, and Latorița forest districts (Curvature 

and Southern Carpathians). Plus, trees tested in Hemeiuși seed orchard come from the Eastern 

Carpathians and Apuseni Mountains. 

The provenance trials analyzed in this study were established in 1982 in two locations - Bucova 

(southwest of the country) and Siminicea (northeast of the country). The experimental design 

consisted of square grids comprising 4 × 4 provenances, with 25 trees per plot and three repetitions. 

Both experimental trials were established outside the larch’s natural distribution area in Romania, 

in the mountain European beech and oak layer, respectively. The site conditions and location of field 

trials are presented in Table 2. 

In each trial, 10 trees from the category of dominant or codominant were measured in each 

plot and each of the three repetitions. The traits analyzed were categorized as follows: growth traits 

- total height (m), diameter at breast height (cm), volume per tree (m3); wood quality traits - pruned

height (m), stem straightness (index), and adaptive traits - survival (%). The stem straightness was

evaluated using an index, where 1 = straight stem, 2 = minor defects, and 3 = sinuous stem. Tree

diameter measurements were made using a caliper at a height of 1.30 m from the ground. The

measurement of tree height is very important for determining the volume and other shape

parameters. A Vertex III was used for this, following well-established procedures. The observations

and measurements of these characteristics were made in 2021, at age 39.

Microsoft Office Excel and SPSS software were used to process the data from field 

measurements. Data analysis was done by simple and multifactorial analysis of variance with the 

following sources of variation: provenance, repetition, locality, and the interaction between them.  
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Table 1. Provenances of Larix decidua 

No. Code Provenance Country Lat. N Long. E Altit. 

1 30 Harbker, Hanau 11 – seed 

orchard 

Germany 
- - - 

2 31 Hanau 11 – seed orchard Germany - - - 

3 32 West Sudd. Mittelgeb 

Berkel – seed orchard 

Germany - - - 

4 33 Reichenau / Kärnten Austria 46°51´ 13°58´ 1550 

5 35 Wienerwald-Lammerau-

seed orchard 

Austria 
- - - 

6 45 Haldensleben 

Oberforsterei Bischofswald 

Germany 
52°20´ 1115 105 

7 47 Halle – seed orchard Belgium - - - 

8 50 Reghin – artificial stand Romania 46°40´ 24°50´ 450 

9 51 Mihăeşti, Furnicoşi - seed 

orchard 

Romania - - - 

10 52 Bacău, Hemeiuși I – seed 

orchard 

Romania 
- - - 

11 53 Bacău, Hemeiuşi II - seed 

orchard 

Romania 
- - - 

12 54 Bicaz – artificial stand Romania 46°49´ 25°52´ 1100 

13 55 Bicaz – natural stand Romania 46°57´ 25°58´ 1500 

14 56 Baia de Criş – natural 

stand 

Romania 46°25´ 23°30´ 1100 

15 57 Comăneşti – artificial stand Romania 46°15´ 26°12´ 710 

16 58 Latoriţa – natural stand Romania 45°12´ 23°55´ 1100 

17 59 Sinaia – artificial stand Romania 45°15´ 25°30´ 690 

18 60 Sinaia – natural stand Romania 45°20´ 25°30´ 1600 

19 61 Sinaia – natural stand Romania 45°10´ 25°40´ 1300 

20 62 Brașov – artificial stand Romania 45°30´ 25°30´ 670 

21 63 Zilina - Hradok Slovakia 49°00´ 19°56´ 650 

22 64 Poprad-Hranovnica Slovakia 48°59´ 20°11´ 900 

23 65 Keimarok - Lubica Slovakia 49°07´ 20°28´ 720 

24 66 Presov Slovakia 49°00´ 21°06´ 550 

Table 2. Location and site conditions of larch provenances trials established in 1982 

No. Trial name 

Forest District 

P.U., m.u.*

Region 

of 

Prov. 

Mean annual 

temperature 

(0C) 

Total annual 

precip. 

(mm) 

Lat. 

N 

Long. 

E 

Altit. Vegetation 

layer 

Soil type 

1. Bauțar

Bauțar

U.P. VIII, u.a. 

1A 

D2 2.55 1030 45°29´ 22°40´ 650 Mountain 

European 

beech 

brown 

forest 

soil 

2. Siminicea

Fălticeni

U.P. VI, u.a

45 C 

G1 5.42 594 47°30´ 26°20´ 350 Mixture of 

oak species 

brown 

forest soil 
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The statistical analysis was based on the individual tree measurements using the following 

mathematical model [22]:  

Ykil = μ + Pk + Ri + Ll + eikl (1) 

where Ykil = performance of the kth provenance in the ith repetition and lth locality; μ = overall mean; 

Pk = effect of the kth provenance; Ri = effect of the ith repetition; Ll = effect of the lth locality and 

ekil = random error associated with the kilth trees. Pearson’s correlations based on provenance means 

were also calculated to examine phenotypic correlations and relationships between traits. 

3. RESULTS

3.1. Genetic Variability 

The analysis of variance for each site revealed significant statistical differences among the 

European larch provenances tested in the 1982 series in terms of growth characteristics (Table 3). 

The provenance factor significantly influenced all characters studied in the Bucova trial, while only 

for height (total and pruned) and stem straightness in the Siminicea trial. 

Table 3. Analysis of variance for studied traits in the European larch provenance trials at age 39 

Source 

of 

variation 

𝑺𝟐 

D.F Volume/tree DBH Total 

height 

Pruned 

height 

Stem 

straightness 

Survival 

Siminicea field trial 

Provenances 15 0.040 16.144 22.257*** 33.652*** 0.888*** 254.99 

Repetitions 2 0.095 16.134 133.103 394.280 0.613 1335.44 

Error 30 0.030 19.187 4.668 4.498 0.284 1335.44 

Bucova field trial 

Provenances 15 0.521** 148.267*** 38.236*** 12.509*** 1.892*** 134.733* 

Repetitions 2 0.034 13.262 12.496 13.781 1.507 22.333 

Error 30 0.107 34.387 5.548 2.987 0.573 22.333 

Notes: *p < 0.05; **p < 0.01; ***p < 0.001 

The largest diameters at breast height were obtained in the Bucova trial (�̄�=25.5 cm). The best 

performing provenances in this trial were: 51 (Mihăeşti, Furnicoşi, seed orchard), Romania; 53 

(Bacău, Hemeiuşi II, seed orchard), Romania; 59 (Sinaia, artificial stand), Romania; and 32 (West 

Sudd. Mittelgeb Berkel, seed orchard), Germany. In the Siminicea trial, the mean on the experiment 

was �̄�=22.9 cm and the best provenances were: 47 (Halle, seed orchard), Belgium; 66 (Presov), 
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Slovakia; 54 (Bicaz, artificial stand), Romania; 33 (Reichenau, Kärnten), Austria; and 45 

(Haldensleben), Germany (Figure 1). The lowest values for diameter at breast height were registered 

by the provenances: 61 (Sinaia, artificial stand), Romania in the Bucova trial, and 60 (Sinaia, natural 

stand) also Romania in the Siminicea trial.  

Figure 1. Variation of the diameter at breast high in provenance trials 

Figure 2. Variation of total height in provenance trials 

0

5

10

15

20

25

30

35

30 31 32 33 35 45 47 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66

Bucova Siminicea

D
ia

m
et

er
at

 b
re

as
t 

h
ei

g
h

t 
[c

m
]

whiskers [error bar] represent standard error [SE]

0

5

10

15

20

25

30

30 31 32 33 35 45 47 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66

Bucova Siminicea

T
o

ta
l

h
ei

g
h

t 
[m

]

whiskers [error bar] represent standard error [SE]



REVISTA PĂDURILOR 137(2) (2022) 001–016 

Stoica et al.: Genetic variability of European larch … 

7 

The highest total heights (Figure 2) have been recorded in the Bucova trial (�̄� =25.5 m) by the 

following provenances: 32 (Berkel, seed orchard, Germany), 51 (Mihăeşti, Furnicoşi, seed orchard, 

Romania), 53 (Bacău, Hemeiuşi II, seed orchard, Romania), 59 (Sinaia, artificial stand, Romania) and 

56 (Baia de Criş, natural stand, Romania). In the Siminicea trial (�̄�=20.5 m) the provenances with the 

highest values of total heights were: 47 (Halle, seed orchard, Belgium), 30 (Harbker, Hanau 11, seed 

orchard, Germany), 45 (Haldensleben Oberforsterei Bischofswald, Germany) and 59 (Sinaia, 

artificial stand, Romania). The lowest values for the total heights were obtained by the provenances 

60 (Sinaia, natural stand, Romania at the Siminicea trial) and 61 (Sinaia, artificial stand, Romania at 

Bucova trial).  

The greatest volume per tree (Figure 3) was recorded in the Bucova trial, where the mean of 

the experiment was �̄�=0.65 m3, compared to Siminicea trial where the mean of the experiment was 

�̄�=0.41 m3.  In the Bucova trial, the best provenances in terms of volume per tree were: 51 (Mihăeşti, 

Furnicoşi, seed orchard), Romania; 32 (Berkel, seed orchard), Germany; 59 (Sinaia, artificial stand), 

Romania; 53 (Bacău, Hemeiuşi II, seed orchard), Romania; and 56 (Baia de Criş, natural stand), 

Romania. The lowest volumes per tree in this trial were recorded: 61 (Sinaia, natural stand), 

Romania; 58 (Latoriţa, natural stand), Romania and 30 (Harbker, Hanau 11, seed orchard), Germany. 

In the Siminicea trial, the following provenances recorded the highest volumes per tree: 47 (Halle, 

seed orchard), Belgium; 59 (Sinaia, artificial stand), Romania; 45 (Haldensleben Oberforsterei 

Bischofswald), Germany; and 54 (Bicaz, artificial stand), Romania. The lowest values have obtained: 

60 (Sinaia, natural stand), Romania; 55 (Bicaz, natural stand), Romania; and 50 (Reghin, artificial 

stand), Romania. 

Figure 3. Variation of the volume per tree 
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Figure 3. Variation of pruned height in the provenance trials 
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Figure 5. Variation of stem straightness in the provenance trials 

Figure 6. Variation of stem straightness in the provenance trials 
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(Sinaia, natural stand, Romania). The lowest survival percentage was recorded in provenances 30 

(Harbker, Hanau 11, seed orchard, Germany), 55 (Bicaz, natural stand, Romania), and 61 (Sinaia, 

natural stand, Romania) at the Bucova trial, while at the Simincea trial, the lowest survival was 

found at the provenances 63 (Zilina-Hradok, Slovakia), 55 (Bicaz, natural stand, Romania) and 52 

(Bacău, Hemeiuşi I, seed orchard, Romania). 

3.2. Phenotypic Correlations Between Traits 

Phenotypic correlations among studied traits are presented in Tables 4 and 5. Analyzing both 

filed trials, it can be observed that more significant correlations have been obtained in Bucova trial 

compared to Siminicea trial.  

Table 4. Pearson correlations of traits in Bucova trial, 2021 

Variable 
Pruned height DBH Volume/tree Stem 

straightness 

Survival 

rate 

Total height 0.844*** 0.824*** 0.860*** 0.042 0.577* 

Pruned height 0.644*** 0.703** -0.119 0.416 

Diameter at 1.30 m 0.989*** 0.287 0.603* 

Volume per tree 0.219 0.527* 

Stem straightness 0.216 

 Notes: *p < 0.05; **p < 0.01; ***p < 0.001 

Table 5. Pearson correlations of traits in Siminicea trial, 2021 

Variable Pruned height DBH Volume/tree Stem 

straightness 

Survival 

rate 

Total height 0.793*** 0.563* 0.881*** 0.143 0.077 

Pruned height 0.247 0.562* 0.263 -0.049

Diameter at 1.30 m 0.854* 0.056 -0.025

Volume per tree 0.104 0.142 

Stem straightness 0.084 

Notes: *p < 0.05; **p < 0.01; ***p < 0.001 

In both trials, positive significant correlations were obtained between growth traits and 

pruned height. Also, in Bucova trial there are positive significant correlations between survival rate 

and total height, diameter at the breast height, and volume per tree, respectively (Table 4).  In the 

Siminicea trial, no significant correlations were obtained between growth traits and survival (Table 

5). No correlations have been obtained in the provenance trials between growth traits and stem 

straightness. 

3.3 Provenance - environment interaction 

At age 39, the analysis of variance across sites did not indicate a significant statistical 

influence of the provenance factor for the studied traits (Table 6). The site conditions strongly 
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influenced the variation of all studied traits. The interaction between provenance and site conditions 

was not significant for growth traits, wood quality, and survival rate. 

Table 6. Analysis of variance for studied traits in the two provenance trials at age 39 

Source 

of 

variation 

s2

D.F.
Volume/ 

tree 

DBH Total 

height 

Pruned 

height 

Stem 

straightness 

Survival 

Provenance (P) 7 0.011 4.909 1.828 2.780 0.079 178.330 

Location (L) 1 0.556*** 55.922*** 277.152*** 82.268** 1.245** 2341.512** 

Interaction 

P x L 
7 0.009 2.568 1.951 3.374 0.168 203.628 

Error 32 0.009 3.611 4.340 6.006 0.109 172.190 

4. DISCUSSION

The studied material included 16 European larch provenances, originating from three 

categories of genetic resources: natural populations, artificial stands, and seed orchards, which cover 

a large part of the geographical distribution of species in Central and Eastern Europe. A high level 

of genetic variability for growth traits, stem straightness, and survival rate at the provenance level 

was observed in each site. Across sites, the provenance factor was not significant and the 

environment factor had the greatest influence. These findings suggest that environmental conditions 

can exert a variety of impacts on European larch characteristics, particularly in the context of climate 

change. The lack of significance of provenance-environment interaction indicates high spatial 

stability in terms of growth and adaptive performance of the European larch provenances. 

The best growth performances were recorded in Bucova trial located in the southwest of the 

country, in the European beech mountain layer at 650 m altitude, in a mild climate with 

Mediterranean influences. Siminicea trial is located in the Moldova Plateau (northeast of the 

country), in the sessile oak layer at 350 m altitude, in a continental climate. In the last 30 years, the 

Moldova Plateau was one of the most affected regions by climate change, in Romania. In this region, 

the mean annual temperature has increased by 1.02 °C in the last three decades [16] and the total 

annual precipitation is very low (594 mm), being below the vegetation optimum for Quercus robur. 

As opposed to Siminicea site conditions, at Bucova the mean annual temperature has increased by 

0.45 °C in the last three decades and the total annual precipitation is around 1030 mm, being situated 

in optimal climatic conditions for European beech. 

At age 39, in both trials, the highest volumes per tree were recorded by 2 seed orchards: 51 

(Mihăeşti, Furnicoşi, seed orchard, Romania at Bucova trial) and 47 (Halle, seed orchard, Belgium at 

Siminicea trial). At the Bucova trial, volumes above mean on experiment have obtained also Berkel 

seed orchard from Germany, Hemeiuși seed orchard from Romania, 63-Zilina-Hradok and 64-

Poprad from the Tatra Mountains, and the Romanian provenances 59-Sinaia (artificial stand) and 

56-Baia de Criș (natural stand). At the Siminicea trial, the Romanian seed orchard (52-Hemeiuși) and

natural populations are placed at the end of the ranking of growth traits. In this trial site, the highest

wood production has obtained the following provenances: 59 (Sinaia, artificial stand) and 54 (Bicaz,
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artificial stand) from Romania, and 45 (Haldensleben Oberforsterei Bischofswald) and 30 (Harbker, 

Hanau 11, seed orchard) from Germany. 

Comparing the provenances ranking for the growth traits at this age with those previously 

obtained at age 25 [15] a high similarity could be seen for the Siminicea trial, while at the Bucova 

trial some changes in the provenances standing have occurred. Thus, if at the 25 years old all 

Romanian natural populations (except 61 - Sinaia) and seed orchards have been situated above the 

experimental mean, at present all natural populations (except 56 from Apuseni Mountains) have 

dropped below the mean. The seed orchards: 51-Furnicoşi and 53-Hemeiuşi from Romania and 32-

Berkel from Germany, have maintained their position within ranking emphasizing a high growth 

and adaptive capacity. 

Selection for the most productive provenances would bring significant genetic gains in timber 

production. Generally, fast-growing provenances have the highest mortality rates. Our results 

highlighted a positive significant correlation between growth traits and survival, in the Bucova trial. 

The provenances that combine both high wood production and survival rate are 53 (Hemeiuşi, seed 

orchard), 56 (Bicaz, natural stand), 59 (Sinaia, artificial stand) Romania; 63 (Zilina-Hradok, 650-m), 

Slovakia, and 32 (Berkel, seed orchard), Germany. 

The good growth performances of the provenances 59-Sinaia and 54-Bicaz, artificial stands of 

unknown origin, could be explained by their non-local origin, most likely from the Tyrolean Alps 

[19,23]. Results from IUFRO experiments have demonstrated that the provenances from the south-

eastern Alps had moderate growth and good adaptability [10,24].  The Romanian provenances have 

a lower growth compared to those from Central Europe but very good stem straightness. 

5. CONCLUSIONS

Our findings indicate a large within-population genetic variation in European larch. 

Substantial genetic variability was also observed for the quantitative traits (volume per tree, 

diameter at breast height, total height, and pruned height) among the European larch provenances 

in each field trial. The environmental factor was also significant. Consequently, the response of this 

species to climate change will depend on the environmental conditions of the planting site and also 

on the provenance. Generally, the seed orchards have obtained the best growth, stem shape, and 

adaptability, which demonstrates the genetic improvement of this forest reproductive material, as 

result a of phenotypic selection at the population and plus trees level. However, the genetic 

composition of the seed orchards is important as the best growth and additive performances have 

been recorded by 51-Furnicoşi and 53-Hemeiuși, Romania; 32-Berkel and 30-Harbker, Germany, and 

47-Halle, Belgium, respectively. Provenance trials represent forest genetic resources that can provide

important information about the intraspecific genetic variation, the most valuable seed sources, and

the adaptive genetic potential of species in the context of climate change. These genetic resources

should be maintained and managed in a sustainable manner. Further efforts to conserve genetic

resources of European larch should lead to an integrated conservation strategy, considering both ex-

situ and in-situ approaches.
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APPENDIX 

Not the case. 

EXTENDED ABSTRACT – REZUMAT EXTINS 

Titlu: Variabilitatea genetică a laricelui (Larix decidua MILL.) în culturi de proveniențe instalate în România. 

Introducere: Laricele are un areal discontinuu din estul Franței spre centrul și sudul - estul Italiei, munții din 

sudul, centrul și estul Europei. Alpii sunt cel mai mare habitat natural și continuu al laricelui. Se estimează că pădurile 

de larice european reprezintă aproximativ 4% din totalul pădurilor de conifere și mai puțin de 1% din totalul pădurilor 

din Europa. În Romania, laricele vegetează spontan în cinci centre montane Ceahlău, Ciucaş, Bucegi, Lotru și Apuseni. 

Laricele este o specie cu creștere rapidă, cu lemn de înaltă calitate și rezistență ridicată la poluarea aerului. Această specie 

are un nivel ridicat de variabilitate genetică pentru caracteristicile economice majore, fiind una dintre cele mai studiate 

specii din Europa. Laricele este o specie forestieră importantă în România, iar programul său de ameliorare genetică a 

început în anii 1960. Obiectivul principal al acestui program a fost de a îmbunătăți rezistența la factorii biotici și de 

mediu, și de a crește producția și calitatea lemnului. Cunoașterea variației genetice geografice a populațiilor de larice 

devine din ce în ce mai importantă în contextul schimbărilor climatice, pentru stabilirea unor strategii adecvate de 

conservare a resurselor genetice forestiere, pentru a îmbunătăți adaptabilitatea speciei la schimbările climatice și pentru 

a continua programul de ameliorare genetică în România. Obiectivele acestui studiu au fost de a evalua variabilitatea 

genetică la nivelul proveniențelor de larice testate în culturi experimentale, de a studia corelațiile dintre caractere și de a 

investiga interacțiunea genotip - mediu, cu scopul selecției celor mai bune proveniențe, în ceea ce privește caracterele de 

creștere, formă a fusului şi supraviețuirea, ca surse valoroase de germoplasmă pentru programele de reîmpădurire și 

ameliorare.  
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Materiale şi metode: Materialul acestui studiu constă din 16 proveniențe de larice, 7 românești și 9 străine, din 

următoarele țări: Germania (3), Austria (2), Belgia (1) și Slovacia (3). Proveniențele 30, 31, 54, 55, 59, 62, 63, 65 sunt 

comune în ambele culturi. Materialul testat provine din plantaje de larice, arborete artificiale și arborete naturale. 

Culturile cu proveniențe de larice analizate în acest studiu au fost instalate în anul 1982, în două locații (Bucova și 

Siminicea), iar dispozitivul experimental este grilaj pătrat de tip 4 × 4 cu 3 repetiții. În fiecare cultură au fost măsurați 

10 arbori (din categoria dominant sau codominant) pe parcela unitară, în fiecare dintre cele 3 repetiții. Măsurătorile în 

suprafețele experimentale au fost efectuate la vârsta de 39 de ani, iar metoda de evaluare în teren a constat în măsurători 

biometrice și observații cu privire la înălțimea totală, diametrul la 1.30 m, volumul mediu pe arbore, înălțimea elagată, 

forma fusului și supraviețuirea. Programele Excel și SPSS au fost utilizate pentru prelucrarea şi analiza statistică a 

datelor și a observațiilor din teren.  

Rezultate şi discuții: Analiza varianței în fiecare loc de testare a evidențiat diferențe statistice semnificative 

între proveniențele de larice testate, în ceea ce privește caracterele analizate. Cele mai mari valori pentru diametrul la 

1,30 m au fost obținute în cultura comparativă Bucova. În cultura Bucova, cele mai mari creșteri în diametru au 

înregistrat proveniențele : 51 - Furnicoşi (plantaj, România), 53 - Hemeiuși II (plantaj, România), 59 - Sinaia (arboret 

artificial, România) şi 32 - Berkel (plantaj, Germania). Cele mai mari valori pentru înălțimea totală au fost înregistrate, 

de asemenea, în cultura Bucova, iar în topul clasamentului au fost situate proveniențele : 32 - Berkel (plantaj, Germania), 

51 - Furnicoşi (plantaj, Romania) și 59 - Sinaia (arboret artificial, Romania). În cultura comparativă Siminicea, 

proveniențele care au obținut cele mai mari valori ale înălțimii totale au fost : 47 - Halle (plantaj, Belgia), 30 - Harbker, 

Hanau (plantaj, Germania) și 45 - Haldensleben Oberforsterei Bischofswald (Germania). În cultura comparativă Bucova 

s-au înregistrat cele mai bune rezultate în ceea ce privește volumul mediu pe arbore, în topul clasamentului situându-se

plantajul 51 - Furnicoși, România, în timp ce în cultura comparativă Siminicea în topul clasamentului se situează

plantajul 47 - Halle, Belgia. De asemenea, în cultura comparativă Bucova s-au înregistrat cele mai mari înălțimi elagate,

dar şi cele mai multe defecte de formă ale fusului. În ambele locuri de testare, cea mai bună formă a fusului o prezintă

proveniențele din Romania şi Austria. Cele mai mari procente de supraviețuire, la vârsta de 39 de ani de la plantare au

fost înregistrate în cultura comparativă Siminicea (55%), iar cele mai reduse în cultura comparativă Bucova (41%).

Proveniențele cu cea mai bună supraviețuire în ambele locuri de testare sunt: 54 - Bicaz și 59 - Sinaia (arborete artificiale).

Corelații pozitive semnificative între caracterele de creștere şi supraviețuire au fost obţinute doar în cultura comparativă

Bucova. Interacțiunea proveniență - localitate a fost nesemnificativă pentru caracterele de creștere, de calitate a lemnului

și supraviețuire, sugerând o stabilitate spațială mare a performanțelor proveniențelor de larice. Analiza multifactorială a

varianței, evidențiază o influență mai mare a condiţiilor staționale comparativ cu factorul proveniență pentru caracterele

studiate.

Concluzii: Rezultatele acestui studiu indică o variabilitate genetică ridicată la nivelul proveniențelor de larice în 

ambele culturi comparative. Performanțele proveniențelor de larice sunt influențate, în primul rând, de condițiile 

staționale ale locului de testare. Cele mai bune performanțe de creștere au fost obținute în cultura comparativă Bucova, 

situată în etajul făgetelor montane, într-un climat mai blând cu influențe mediteraneene. În general, plantajele au obținut 

cea mai bună creștere, formă a fusului și adaptabilitate, fapt care dovedește superioritatea materialului obținut prin 

ameliorare, ca urmare a selecției fenotipice la nivel de populații și arbori plus. Cu toate acestea, compoziția genetică a 

plantajelor contează, prin urmare, cele mai bune performanțe de creștere şi adaptare au înregistrat plantajele: 51-

Furnicoşi şi 53-Hemeiusi, România, 32-Berkel și 30-Harbker, Germania și 47-Halle, Belgia. 

Cuvinte cheie: larice, variabilitate genetică, resurse genetice forestiere, provenanţe, corelații fenotipice. 
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1. INTRODUCTION

Forests constitute one of the main capitals for environmental, social and economic 

development [1]. From an environmental point of view, they provide a wide range of ecosystem 

services and promote climate change mitigation [2]. From a social perspective, they provide non-

material aspects such as community relations and trust, culture and spirituality [3]. In addition, they 

are considered an important source of food, firewood, construction material and medicinal products 

[4]. The production and use of timber resources is expanding globally; in 2015, global productive 

forest plantations amounted to 109 million hectares (ha), increasing at a rate of 2.0 million hectares 

per year during the period 2010 and 2015 [5]. Forest plantations increasingly supply wood fibers for 

the energy industry; the traditional forestry industry [6], and possible future uses include the 

production of increasingly challenging forestry production [7]. In 2019, economic activity in the 

forestry sector, including forestry, forest management, timber, pulp and paper, accounted for 1% of 

GDP in Europe and North America, and 0.8% in Russia [8]. According to Li et al. [9], during 2018 it 

was estimated that 58 of 111 countries represented 70% of the world's total forest surface, 

contributed 92% of world’s GDP and produced 93% of the world total of industrial roundwood, 93% 

of sawn wood and veneer logs, 94% sawn lumber, 97% wood-based panels, 99% wood pulp, and 

98% paper and board. 

Forests from Latin America represent one of the most important natural resources [10]. 18% of 

the total forest surface is found in protected areas, while 14% of the total area fulfills productive 

functions [11]. The forestry sector of Latin America provides a range of goods and services that 

enable the subsistence of various populations; this plays an important role in local and national 

processes [12]. In recent years, more than 11 million hectares of plantations have been established in 

Latin America. 70% of these are in Brazil (5.4 million ha); other leading countries are Chile (2.7 

million ha), Argentina (1.2 million ha), Uruguay (0.8 million ha), Venezuela (0.8 million ha) and 

Ecuador (0.2 million ha) [5]. Ecuador, which is one of the 12 countries of South America, is 

considered one of the megadiverse countries, with an area of 256,370 km² [13]. Its great variation in 

physical and climatic conditions has allowed the formation of four well-defined natural regions: 

Coast, Highlands, Amazon and the insular region of the Galapagos Islands [14-16]. It is estimated 

that there are more than 1,250 plant species/km², belonging to 136 different families with high levels 

of endemism [17-19]. According to the studies by the Food and Agriculture Organization of the 

United Nations (FAO) [20], 40% of the national territory is covered with natural forests (the majority 

in the Amazon), and 1% with forest plantations; in addition, 45% of the country's total area is suitable 

for forest use [21]. Most of these lands are part of territories belonging to communities, ancestral 

peoples and protected areas [22]. There are 750 forest species that are exploited annually: 48% for 

obtaining non-timber forest products (NTFPs), 45% for timber forest products (PFM) and 7% for 

firewood [11]. In recent years, Ecuador has been characterized as a country with an extractive 

economy that depends on raw material exports [23]. Exports of raw material have been gradually 

increasing; in 1990 an export value of USD 28 million was recorded, during 2019 it increased to USD 

304.1 million dollars from wood (1.4% of total exports), which is equivalent to 637,000 metric tons 

[20]. Currently, in the country there is a high potential for forest production [24], while the wood is 

exported mainly to countries such as United States, Colombia, Venezuela, Peru and Mexico, among 

others [25]. In recent years, Ecuadorian wood has had a better performance since there are greater 
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exports of different kinds of wood and its products; although it has not exceeded the levels of trade 

abroad, the growth in this sector has been overwhelming [26]. Currently there are sales of raw wood 

and those that have had a primary transformation of industrialization, such as plywood, chipboard 

and medium-density fiberboard or MDF, among other wood products [25].  

The economic contributions of the forestry sector for a given country are evaluated under two 

economic indicators: employment and added value [9]. Employment is represented by the annual 

average of job vacancies, according to The World Bank [27]. The formal timber sector employs more 

than 13.2 million people in direct or indirect jobs and contributes significantly to income generation 

for small farmers globally [28]. Value added measures the contribution to the Gross Domestic 

Product (GDP), which represents the total value of a country's goods and services [29]. The World 

Bank [30], registered a GDP of 6.9% per year concerning the activities of agriculture, forestry 

production and fishing worldwide. In this context, in the period from 2009 to 2018, an average GDP 

of 1.3% was identified as a result of forestry activity in Ecuador [31], generating a total of 324,000 

jobs [32]. The country has shown in recent years a gradual growth of the sector, therefore, it is 

important to continuously evaluate macroeconomic information, so that it can be used in favor of 

successful planning to meet market demands and effective decision-making in the public, private 

and community sectors. Analyzing these indicators is one of the greatest challenges for the forestry 

sector at the national level, since eventually there is a high share of illegal deforestation generated 

by various items without registration, resulting in misguided analyses. 

Given the importance of forestry in the current context, this study analyzes the integration of 

macroeconomic perspectives in relation to forestry production in Ecuador. Therefore, the objectives 

of this work were: i) to identify the classification of forest land use at the national level and ii) to 

analyze the contribution to the economy of Ecuador in terms of employment generation and the 

contribution of the forestry sector to the country's GDP through a retrospective analysis. 

2. MATERIALS AND METHODS

The study was implemented by a systematic literature review on the macroeconomic 

perspectives in relation to forestry production in Ecuador. The specific objectives addressed the 

cover and use of forest land, and the analysis of the GDP of the forestry sector in the country by a 

review of official documents of government entities of Ecuador (Survey of continuous agricultural 

production surface - ESPAC, Ministry of the Environment of Ecuador - MAE, Internal Revenue 

Service - SRI and Superintendency of Companies). Additionally, recent scientific articles from 

national and international databases were reviewed, with the aim of being able to carry out a more 

comprehensive analysis for the study. The subject was approached from an interdisciplinary 

perspective, and predetermined keywords were used for both cases. The extracted information 

incorporated several aspects. First, in relation to forests in Ecuador, this study focused on three 

topics: i) land occupation by category in continental Ecuador by region, ii) stratification of 

occupation and land use of forests, and iii) deforestation with a retrospective analysis in the period 

of 2000-2016. Subsequently, a review of aspects related to the macroeconomic analysis of the forestry 

situation was carried out, focusing in the same way on three axes: i) national timber market based 

on local sales of forestry and timber extraction in the period 2006-2019, ii) foreign market for wood 
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from exports Incoterm Free On Board (FOB) of the forestry sector 2016-2021, and the main exporting 

companies of Ecuador, and, iii) the forestry sector and its role in the macroeconomy through a 

retrospective analysis of GDP 2016-2020, and the generation of employment in the forestry sector. 

The information obtained included a common database that allowed making a series of necessary 

interpretations in this research. Consequently, this study provides metrics with a large number of 

variables. 

3. RESULTS AND DISCUSSION

3.1.  Forests of Ecuador 

3.1.1.  Forest Land Cover 

Land use refers to the use of land in the rural sector of the country [33]. Table 1 shows the land 

use surface of Ecuador by classification category.  

Table 1. Surface, according to category of land use in Ecuador. Adapted from [34] 

N° Land Use Surface (ha) (%) 

% Variation 

compared to 

previous year 

1 Permanent Crops 1,439,117 11.6 0.2 

2 Transitory Crops and Fallow 849,685 6.9 6.9 

3 Without Intervention 125,946 1.0 -2.0

4 Cultivated Pastures 2,300,539 18.6 4.1

5 Natural Pastures 800,496 6.5 -4.9

6 Paramo 377,791 3.1 -8.0

7 Mountains and Forests 5,773,290 46.8 1.2

8 Other uses 719,109 5.8 2.9

Total 12,385,973 100 1.3

In 2019, according to ESPAC [35], the total national area was almost 12.5 million hectares, 

presenting a growth of 1.3% compared to the total area of the previous year. The largest area of land 

use is devoted to mountainous forests, which represent 46.8% of the national total, followed by 

cultivated pastures, which occupy 18.6%, and permanent crops, 11.6%. 

Table 2. Surface of land use categories by region in Ecuador. Adapted from [34] 

Region 
Area 

(ha) 

Land use  

(%) 
Permanent 

Crops 

Transitory 

Crops and 

Fallow 

Without 

Intervention 

Cultivated 

Pastures 

Natural 

Pastures 
Paramo 

Mountains 

and 

Forests 

Other 

uses 

Coast 4,829,876 39.0 1,076815 555,622 65,384 1,291,397 120,280 4,996 1,367,316 348,066 

Highlands 3,789,505 30.6 229,670 266,269 54,824 640,993 594,615 361,994 1,467,340 173,801 

Amazon 3,748,196 30.3 122,398 27,635 5,732 366,063 85,512 10,802 2,933,671 196,384 

Undefined 

areas 
18,395 0.1 10,234 159 6 2,087 88 - 4,963 858 

Total 12,385,973 100 1,439,117 849,685 125,946 2,300,539 800,495 377,791 5,773,290 719,109 
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Figure 1. Share of the surface of the categories of land use by region of Ecuador 

The Ecuadorian continental territory is divided into three regions, namely Coast, Highlands 

and Amazon, which are determined by environmental factors such as the presence of the Andes 

Mountain range, the vegetation of the Amazon and the currents of El Niño and Humboldt [36]. 

Table 2 and Figure 1 show the area by region according to the type of land use in Ecuador. In 2016, 

the total area by region was 12,385,973 hectares, being divided in 38.8% on the Coast, 30.4% in 

Highlands, 30.1% in Amazon and 0.8% in undefined areas. In the Coast region, the use of land is 

mainly for permanent crops (74.8%), followed by transitory crops and fallow (65.4%); the rest (51.9%) 

is used for cultivated pastures (56.1%) and other uses (48.4%). In the Highlands region, the largest 

area of land use is covered by moors (95.8%) and natural pastures (74.3%). Finally, in the Amazon 

region predominates the land covered by mountains and forests (50.8%). 
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3.1.2.  Forest Use in Ecuador 

The natural forest is the formation of trees, shrubs and other plant species, primary or 

secondary, regenerated by natural succession [37], and is characterized by the presence of trees of 

different native species, varied ages and sizes, with one or more strata [38]. Table 3 and Figure 2 

show the area of the stratification of the natural forests of Ecuador according to MAE [39]. 

Table 3. Stratification of the forests of continental Ecuador. Adapted from [39] 

No 
Stratum Area (ha) 

Number of trees 

per hectare Basal area 

(m2/ha) 

Trading 

volume (m3/ha) 

Carbon average 

(T/ha) 
> 20 cm < 20 cm 

1 Amazon Lowland Evergreen Forest 6,665,893 196 359 26.6 239.7 160.4 

2 Andean Montane Evergreen Forest 1,998,052 146 418 20.0 126.3 123.1 

3 Andean Evergreen Forest of Pie de Monte 1,247,816 176 360 24.5 205.3 122.8 

4 Evergreen Forest of the Choco Lowlands 888,841 131 289 18.2 145.6 83.3 

5 Dry pluvioseasonal forest 679,264 56 177 9.1 53.9 37.0 

6 Evergreen Andean Forest of Ceja Andina 528,212 124 550 14.7 69.4 105.1 

7 Moretals 430,803 241 171 30.0 288.0 75.8 

8 Andean dry forest 161,910 69 259 11.0 61.3 47.9 

9 Mangrove swamp 152,595 94 232 11.1 136.3 86.6 

Total 12,753,387 

Figure 2. Surface of natural forest stratification in continental Ecuador. Adapted from [39] 

The total continental area was 12,753,387 million of hectares. The largest surface area of the 

natural forest stratification is allocated to the Evergreen Lowland Forest of Amazon, which 

represents 52.3%, followed by the Evergreen Andean Montane Forest, which occupies 15.7%, and 

the Evergreen Andean Pie de Monte Forest, which accounts for 9.8%. The stratification of the natural 

Mangrove Forest represents the smallest extension of the continental territory with 1.2%. 
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3.1.3.  Deforestation in Ecuador 

The loss of forests is a problem that has seriously affected Ecuador for almost three decades, 

the most common cause being the expansion of the agricultural frontier [40]. In the country, since 

2017, the Organic Code of the Environment has been in force to regulate environmental legislation 

that includes forest management. However, Sarabia [41] points out that this code has not been put 

into practice, thus ensuring that the problem is not necessary the lack of policy, which is what 

happens in other countries, but the lack of implementation of that policy. The importance of 

generating spaces for debate for the implementation of public policies is imperative for the 

sustainable management of forest ecosystems in Ecuador.  

Table 4. Deforestation indicators in Ecuador in the period 2000-2016. Adapted from [39] 

Period 

Annual gross 

deforestation 

(ha /year) 

Annual gross 

deforestation rate 

(%) 

Annual net 

deforestation 

(ha /year) 

Annual net 

deforestation rate 

(%) 

2000 - 2008 108,666 -0.82 77,748 -0.58

2008 - 2014 97,918 -0.77 47,497 -0.37

2014 - 2016 94,353 -0.74 61,112 -0.48

Table 4 shows indicators of deforestation rates in Ecuador in the period 2000-2016. According 

to Sierra [42] the drop in the net deforestation rate in 2010 is mainly due to four structural factors 

that are key to understanding this shift in land use patterns: i) the intensification of rural production 

systems, ii) improvements in accessibility in almost all rural sectors of the country, iii) the drop in 

the growth rate of the population in general, and of the birth rate in particular, iv) the closure of a 

large part of the colonization borders due to the consolidation of property rights of the most 

important remaining forest areas. 

Guachizaca [43], points out that deforestation in the country is commonly caused by the 

expansion of the agricultural frontier and the population that lives in the forests or near them, since 

they have been forced to convert certain forest areas into agricultural systems, even making use of 

forest resources to meet their most basic needs. Extreme poverty in the populations surrounding the 

forests has fueled phenomena not only related to the illegal expansion of the agricultural frontier, 

but also illegal logging and land invasion [44]. We believe that the relationship between poverty and 

forests moves to a new setup, where the aggravated interaction between the two is worsened by a 

new global scenario of political, economic and sociocultural dimensions, among others. This 

requires the intervention of various public, private and community actors in order to generate 

sustainable actions to improve the current conditions of deforestation. 
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Figure 3. Transition from forest to non-forest areas in Ecuador. Adapted from [45] 

In this context, Figure 3 shows the transition from forest to non-forest areas during the 2016-

2018 period, according to REDD Ecuador [45]. 65% of the forest in Ecuador became pasture, 12% to 

agricultural mosaics, 4% cocoa plantations, 3% hard corn plantations, 3% African palm plantations, 

2% coffee plantations, more than 10% were changed in others types of coverage and, finally, 1% of 

the deforested area went to infrastructure and human settlements. We believe that the proper 

management of forests carries high costs, therefore, compensation to both the private sector, local 

governments and the locals, in general, for the conservation of forests, should be adequate through 

the generation of public policies, especially in terms of incentives. 

3.2.  Macroeconomic Analysis of the Forestry in Ecuador 

3.2.1.  National Wood Market 

Globalization in the markets has had important impacts on the Ecuadorian economy and on 

different productive sectors, including forestry. To understand the current situation of the sector, 

we consider it necessary to characterize its commercial behavior abroad, as well as the level of 

production and consumption of timber at the national level. 

The national wood market represents the commercialization of forest products at the country 

level [46]. In Ecuador, 750 forest species are exploited annually, 48% to obtain non-timber forest 

products (NTFP), 45% for timber forest products (PFM) and 7% for firewood [47]. The native species 

most used to obtain industrial roundwood are: Balsa (Ochroma pyramidalis), Sande (Brosimum utile), 

Laurel (Cordia alliodora), Guayacán (Guaiacum officinale), Podocarpus (Podocarpus) and Cedar 

(Odorata); among the introduced species are the Pine (Pino radiata) and the Eucalyptus (Eucalyptus 

globules) [11, 48]. However, low per capita income, high prices and lack of culture in the use of this 

resource are main factors that affect the appropriate consumption of forest resources [49].  
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Figures 4 and 5 show the local sales of forestry and wood extraction in Ecuador, in the period 

from 2006 to 2019. According to the SAIKU system of the Internal Revenue Service of Ecuador (SRI) 

[50], local sales of logging were USD 9.2 million in 2019 (17% less than 2018), which represented 20% 

of the total local sales of forestry and logging, in general, and which had an average year-by-year 

variation rate of -2% between 2006 and 2019.  

Figure 4. Local sales in Ecuador of forestry and wood extraction in the period 2006-2019. Adapted from [48] 

Figure 5. Participation by province in local sales of wood extraction in Ecuador 2019. Adapted from [50] 

It is important to note that 98.9% of local sales in 2019 were covered by the provinces of 

Pichincha, Los Ríos and Cotopaxi (Figure 5). Based on the above, it would seem that the national 
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wood market in Ecuador is relatively small in relation to world consumption in economic terms. It 

is important to point out that there is a very important share of the extraction of wood that is not 

included in the statistics due to its illegal transfer [51]. This situation shows that the forest contributes 

less to the economy, when in reality there are many actors in the informal wood market with which 

higher economic values would be obtained within the national forest market. 

A study by Barrantes et al. [52] has indicated the volume of waste produced in the process of 

industrial transformation of wood which was incorporated into the economic calculation; using the 

final price of the product, Ecuador loses USD 338.03 million, assuming a potential of 100% in the 

utilization rate. We consider that these demonstrate the importance of expanding and improving 

the control in the exploitation and mobilization of wood through adequate methods supported by 

statistical data. 

3.2.2.  International Wood Market 

The external wood market represents the exit of timber products or raw materials from a 

country to different countries of the world in a legal way through a sale [53]. Ramage et al. [54], 

points out that the external wood market is influenced by the construction industry, by the 

incorporation of wood and derived materials in its construction, by its use in the construction 

process with steel and reinforced concrete, and also by the demand for furniture and accessories that 

the construction drags. 

The hegemony and importance of the countries in the international wood market are related 

to the supply capacity, since it is a merchandise of medium to low economic density, so transport is 

an important factor in profitability and location plays a significant role [55]. In this context, Table 5 

shows the exports in the period 2016-2020 according to the Superintendence of Companies of 

Ecuador [56]. During this period, the sector's exports reflected a decreasing trend, however, as of 

2019 this scenario changed. In this year the highest Free on Board value of the analyzed period was 

reported with 441.33 million of USD, which is 149% higher than in 2018. As of August 2020, exports 

reached 33% of the total reported in 2020. 

Throughout the period of analysis, the exports of the sector were directed mainly to China and 

India according to the superintendence of companies of Ecuador in 2020 (Table 6). Additionally, the 

Ecuadorian Federation of Exporters (FEDEXPOR) [57], mentions that 19 varieties of wood were 

exported in 2020; raft and teak (Tectona grandis) were the most in demand abroad and the main 

destinations were China, India and United States. Currently, the national reference price for rafts 

ranges approximately between USD 80 and USD 100 per cubic meter of standing wood [58]. 

Regarding the export reference price, it is located at $3,582 per ton of sawn and cut balsa wood [11]. 

 Regarding world exports, Ecuador has been, for 50 years, the first exporter of balsa in the 

world, both raw and industrialized [59]. On the other hand, teak wood is sold as a raw material and 

very little with added value, mostly only in blocks, to make boards for which a process with more 

technology and adequate equipment is required [60]. The country makes small exports to Vietnam 

and China; there are some secondary shipments to countries in Europe that require the wood to be 

legal, requesting that the wood be certified by international entities such as the Forest Stewardship 

Council (FSC), whose application is complex in several requested criteria. However, the country 
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manages national certifications that are also functional when exporting [61]. Based on the data 

reported, we believe that the country has a high potential for exporting products based on various 

woods, especially balsa and teak, acknowledging the existence of a significant international demand. 

Table 5. Free on Board exports of the forestry sector in Ecuador. Adapted from [56] 

Year weight (ton) Free On Board (USD) Cost Average ton (USD) 

2016 403.50 157,715.44 390.87 

2017 391.52 144,857.86 369.99 

2018 409.45 126,083.13 307.93 

2019 431.33 179,646.48 416.50 

Jan-Aug. 2020 141.02 267,704.54 1898.41 

Table 6. Free On Board export destinations in thousands of dollars. Adapted from [57] 

No Destination 2016 2017 2018 2019 
Jan-Aug. 

2020 

1 China 41.73 38.84 45.78 91.01 220,575 

2 India 41.26 45.95 35.11 43.07 9,138 

3 United States 27.92 26.36 14.11 11.58 9,056 

4 Poland 2.27 1.87 5.15 4.90 6,070 

6 Lithuania 4.86 4.73 4.59 4.19 4,947 

7 Denmark 11.56 9.48 5.58 8.34 4,462 

8 Rest of the world 28.12 17.63 15.76 16.57 13,457 

Total 157.72 144.86 126.08 179.65 267,705 

Table 7. Main exporting companies in Ecuador and their exports in USD millions. Adapted from [62] 

No Exporter Million - Free On Board 

1 Novopan Ecuador S.A. 75,92 

2 Plantaciones de balsa Plantabal S.A. 43,73 

3 Delegación Ecuatoriana de Balsaflex España, DEL.E.B.ES, Cia. Ltda. 29,63 

4 Aglomerados Cotopaxi S.A. 15,67 

5 Enchapes decorativos S.A. Endesa 14,22 

6 Bosques Tropicales S.A Botrosa 13,21 

7 Diab Ecuador. S.A. Divinycell 10,91 

8 Expoforestal Industrial S.A 7,36 

9 International Forest Products del Ecuador S.A. 7,21 

10 S.N.B. Export S.A 5,63 

Total 223,49 

Share of the top 10 93,14 

Industry Total 230,08 
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Figure 6. Main exporting companies in Ecuador and their exports expressed in millions. Adapted from [62] 

Finally, Table 7 shows the main forest export companies in Ecuador in 2019. Novopan is the 

first wood exporting company with a total of USD 75.92 million FOB, followed by Plantaciones de 

Balsa Plantabal with USD 43.73 million, respectively. 66.8% of the total exported by this sector 

contribute the top 3 companies in the country reported in Figure 6. We consider that the timber 

companies in the country have had a boom in recent years in terms of exports, however, the 

challenge is great, especially to meet the demanding world demand.  

3.2.3.  The forestry sector and its role in the macroeconomy 

3.2.3.1.  Gross domestic product (GDP) 

Worldwide, countries hold natural resources that allow them to grow their economy [63]. 

Forestry, wood extraction and related activities, is an industry that has been developed in Ecuador 

in recent years, which has brought considerable economic returns to the country's economy [64]. In 

this context, Table 7 shows a retrospective analysis of GDP in recent years in Ecuador. This sector 

added around 745.8 million of dollar in 2019, equivalent to a share of GDP of 1.04%, which was 6.8% 

lower compared to the figure of 2018. In 2019, 67% of GDP of this industry was generated by the 

provinces of Esmeraldas, Los Ríos, Cotopaxi, Pichincha and Chimborazo, as shown in Figure 7. 
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Table 8. Retrospective analysis of GDP in Ecuador 2016-2020. Adapted from [56] 

Year 

Forestry, wood 

extraction and related 

activities (USD) 

Total GDP 

(USD) 

Participation in the 

national GDP 

2016 741 69,314 1.07% 

2017 761 70,956 1.07% 

2018 766 71,871 1.07% 

2019 745 71,814 1.04% 

Figure 7. Participation by province of Ecuador in forestry GDP, wood extraction and related activities. 

Adapted from [31] 

The lower contribution of the forestry sector to the total economy, in relative terms, is also 

reflected in the structure of exports, with forestry exports reaching only 1.04% of GDP with respect 

to total exports in 2019. This indicator combines the four forestry subsectors: forestry and logging, 

sawmilling, plywood and panel, and pulp and paper [65]. We believe that the suspension of 

productive activities in the country due to the Covid-19 pandemic negatively affected the 

Ecuadorian economy and the forestry sector has not been the exception. However, in certain sectors, 

it has given ways to a reengineering of processes with a view not only to their reactivation but rather 

to generate innovation mechanisms. Despite its little formal contribution to the national economy, 

the forestry industry in Ecuador plays an important role in generating income and employment. 

3.2.3.2.  Employment generation 

Good-quality jobs provide people with the means to lift themselves out of poverty, which in 

turn helps countries to achieve greater economic and social stability [66]. The International Tropical 

Timber Organization (ITTO) [67] points out that the generation of employment is transcendental for 

the development of a region, which still has to face the social challenge of reducing income 
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inequalities, expanding social protection and reducing the weight of the informal sector in the 

region's economy. In this context, Table 9 is presented, which shows the size and number of 

companies that existed in Ecuador for the year 2020. 

Table 9. Size of companies and number of companies in the forestry sector in Ecuador. Adapted from [68] 

No Forestry and logging No. Companies Share (%) 

1 Big 14 6.9 

2 Median 24 11.8 

3 Small 34 16.7 

4 Micro Enterprise 132 64.7 

5 Total  204 100 

Figure 8. Participation (%) of the number of companies by province. Adapted from [68] 

There are currently 204 companies dedicated to forestry and wood extraction in Ecuador [68]. 

Figure 8 shows the participation of the number of companies by province dedicated to the extraction 

of wood. Ecuadorian forestry companies are located mainly in the province of Guayas (53%), 

followed by Pichincha (15%). According to the ITTO [67], the forestry sector generates around 

235,000 direct jobs and thousands of additional indirect jobs. The importance of this sector lies in the 

fact that a large part of this employment is generated at the rural level and in small cities where a lot 

of craft activity is concentrated [69]. Additionally, illegal logging activity, which occurs in the 

country, should be considered. Probably this activity generates certain items that contribute to the 

reduction of poverty in the region, however, the jobs generated from an illegal activity do not meet 

the criteria required by law, such as social security, fair salary, compensation for accidents, legal 

benefits, among others [70]. For that we consider that the forestry activity in Ecuador still has a great 

challenge to fulfill in this fact. 
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4. CONCLUSIONS

The results of this study were based on a descriptive analysis, where most of the data included 

statistics that were calculated from the existing bibliographic data. This study provides a general 

description of the state-of-art forest land use in Ecuador and of the contribution of forestry to the 

country's economy is in terms of employment generation and GDP. In this regard, it is likely that if 

the current use of natural forests continues to increase in terms of deforestation, conditions will 

quickly become critical for the timber industry, so prompt action should be taken. On the other hand, 

we believe that in recent years Ecuador has experienced a great evolution in logging, which offers 

an excellent perspective as a source of income for the nation. However, it can only continue if 

organized production programs are implemented to enable the sustainability of the products. We 

believe that the trade in wood products in the country presents great challenges in terms of the 

systems used to report and verify statistical information. Finally, we believe that in order to better 

understand the role played by the forestry sector in the economy of Ecuador, studies should be 

carried out at the regional, provincial, cantonal and parish levels that address local particularities in 

order to have a more comprehensive analysis. 
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Introducere: Ecuador este una dintre cele 12 ţări ale Americii de Sud, fiind una dintre țările megadiverse şi 

având o suprafață de 256,370 km2. Se estimează că, în Ecuador, există mai mult de 1250 de specii de plante pe km2, care 

aparțin unui număr de 136 de familii, multe dintre ele fiind endemice. 40% din teritoriul ţării este acoperit de păduri 

naturale (în majoritate localizate în bazinul Amazonului) şi 1% cu plantații forestiere; 45% din suprafața ţării este 

pretabilă pădurilor.  Un număr de 750 de specii forestiere sunt încadrate în grupa celor utilizabile, dintre care 48% pentru 

produse accesorii, 45% pentru produse lemnoase şi 7% pentru foc. În ultimii ani, produsele forestiere lemnoase din 

Ecuador au fost caracterizate de o performanță economică mai ridicată datorită exporturilor, înregistrându-se o creștere 

graduală în acest sector. Între 2009 şi 2018, sectorul forestier a contribuit, în medie, cu 1,3% la PIB, generând un număr 

de 324,000 locuri de muncă şi demonstrând că sectorul are un potențial economic ridicat pentru țară, motiv pentru care 

devine importantă evaluarea continuă a datelor macroeconomice pentru a le utiliza în scopul planificării pentru a întruni 

condiţiile pieței şi a asista luarea deciziei în domeniile public şi privat. Obiectivele acestui studiu au fost următoarele: i) 

de a identifica şi caracteriza pădurile la nivel naţional şi ii) de a analiza contribuția lor în economia Ecuadorului sub 

raportul generării de locuri de muncă şi a participării la PIB-ul ţării. 

Materiale şi metode: Studiul s-a implementat prin consultarea sistematică a literaturii cu privire la 

perspectivele macroeconomice relaţionate cu producția forestieră din Ecuador. S-a realizat o sinteză cu privire la 

distribuția pădurilor şi o analiză a participării sectorului la PIB-ului ţării, având la bază studii şi documente 

guvernamentale oficiale. În plus, s-au consultat articole ştiinţifice recente din bazele de date naţionale şi internaţionale 

cu scopul de a extinde analiza. Pentru accesarea surselor de date s-au folosit cuvinte cheie definite în raport cu scopul şi 

obiectivele studiului. Raportat la distribuția pădurilor în Ecuador, studiul a abordat trei tematici: distribuția pe categorii, 

stratificarea în raport cu suprafața ocupată şi funcțiile pădurilor şi, respectiv, analiza retrospectivă a suprafețelor ocupate 

de păduri. Analiza aspectelor macroeconomice a luat în considerare piaţa internă a lemnului în perioada 2016-2019, piaţa 

externă a lemnului şi exporturile în perioada 2006-2019, precum şi rolul sectorului forestier în macroeconomie prin 

analiza retrospectivă a contribuției acestuia la PIB-ul ţării şi la generarea de locuri de muncă în perioada 2016-2020. 

Informația colectată din diverse baze de date a permis realizarea unor interpretări pe baza unui număr relativ mare de 

variabile.  

Rezultate şi discuții: Suprafaţa totală a pădurilor din Ecuador este de 12,385,973 hectare, reprezentând 38.8% 

în regiunea de coastă/litoral, 30.4% în regiunea Anzilor, 30.1% în regiunea Amazonului şi 0.8% în suprafețe din alte 

categorii. În regiunea de coastă, terenurile sunt destinate, în principal, culturilor permanente, urmate de culturi pasagere, 

terenuri  necultivate, pășuni şi alte utilizări. În regiunea Anzilor, predomină pădurile şi terenurile forestiere. În regiunea 

Amazonului, predomină pădurile naturale de altitudine joasă, pădurile montante şi piemontane. Ca rezultat la schimbării 

folosinței terenurilor, o parte din pădurile Ecuadorului au devenit pășuni, terenuri agricole, plantații de cacao, porumb, 

palmier, cafea şi, respectiv, terenuri destinate infrastructurii. În 2019, piaţa națională lemnului a fost caracterizată de o 

valoare de 9.2 milioane de dolari in 2019 (17% mai puțin faţă de 2018). 98.9% din această sumă a fost generată de 

provinciile Pichincha, Los Ríos şi Cotopaxi. Novopan este cea mai mare companie exportatoare (75.92 milioane dolari), 

urmată de Plantaciones de Balsa Plantabal cu 43.73 milioane de dolari. În 2019, sectorul forestier a contribuit la PIB cu 

1.04%. 

Concluzii: Acest studiu furnizează o descriere generală cu privire la pădurile şi sectorul forestier din Ecuador 

precum şi cu privire la contribuția acestuia la economia ţării. Utilizarea curentă intensivă a pădurilor poate să conducă 

la probleme pentru sector, motiv pentru care trebuie luate măsuri prompte. În ultimii ani s-a înregistrat o creștere a 

sectorului de exploatare a lemnului care a şi provocat provocări însemnate legate de îmbunătățirea activității. 

Cuvinte cheie: Produs Intern Brut, economie forestieră, Ecuador, statistici, sectorul forestier din Ecuador. 
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1. INTRODUCTION

The main use of the forest has been to extract wood in order to produce goods and services, 

maximizing economic income [1]. In this sense, the notion of sustainable management in the forestry 

sector arises from the declaration of principles for the sustainable management of forests [2] and 

involves stages such as: i) strategic planning, ii) monitoring, iii) evaluation, iv) human and financial 

resources, and v) efficacy [3-7]. Additionally, forest management includes alternatives based on the 

capacities, objectives and limitations of the regulatory framework for forestry activity [8], but its 

main challenge is the use of forests with a level of intensity that allows productivity without 

compromising the functioning of ecosystems [9].  

The identification of benefits generated by the forest includes rights, obligations, incentives 

and restrictions that promote better administration and management of forest lands [10]. These 

benefits related with the state of forest and income must be perceived with a similar level of 

importance by the stakeholders: community, public and private sector [11].  

In the last two decades, the relationship between forest management and protection has 

evolved through the incorporation of established indicators to measure and track the state and 

biological richness of forests [12]. Considering that the greatest forest wealth is in tropical 

ecosystems [13], there is great potential for harvesting timber (TFP) and non-timber forest products 

(NTFP) [14].   

TFPs are represented as fibers (timber and wood fuel) [15], while the Common International 

Classification of Ecosystem Services [16], describes to TFPs as materials/biomass (timber), which are 

supported by forest species distributed throughout the territories [17]. Complementary, NTFPs are 

considered as biological components resulting from forest exploitation under natural conditions [18, 

19]. For instance, the main TFP produced in Ecuador are chipboard, boards, medium-density 

fibreboard (MDF) panels, pulp and paper and carbon storage, while the principal NTFP are linked 

to ecosystem services such as regulation of the hydrological cycle and habitats to maintain 

biodiversity [20], and categories of use such as apiarian, food, food additive, medicinal, social and 

toxic (contain poisonous agents for vertebrates) [21]. 

The Ecuadorian continental territory has an area of 24,898,396 hectares [22], and has a 

classification of 91 ecosystems, of which 71.43% are forests, 12.09% shrubs and 16.48% herbaceous 

[23]. This classification has been provided by a combination of environmental, hydric, biotic and 

topographic criteria according to the national environmental authority. The most representative 

forest cover area corresponds to the lowland evergreen forests, located mainly in the Amazonian 

natural region [24]. Nevertheless, many of these forests have been affected by logging due to the 

preference of agricultural activities [23]. One of the government mechanisms that regulates the use 

of forest resources is forest certification. According to [25], there are at least 10 certified forestry 

companies that mainly produce products such as lumber, plywood, veneers.  

The restoration and sustainable use of forests is one of the sustainability objectives for Ecuador 

according to the 2030 national plan [26]. Additionally, other programs and actions that the 



REVISTA PĂDURILOR 137(2) (2022) 037–058 

Gavilanes Montoya & Vaca Vallejo: The Role and Use of Forest Resources in Ecuador… 

39 

government is implementing are oriented towards the valuation of forests, management of native 

forests, reforestation, and development of an efficient system for the control of exploitation [27]. 

The knowledge of the reality about the use of forest resources is important in forest 

management because it allows developing a legal, productive and economic analysis towards the 

identification of benefits and their potential use. In this sense, this article conducts a systematic 

literature review of journal articles on forest management and the use of forest resources in Ecuador. 

The objectives of this paper were to: i) present a thematic overview of the legal framework in 

Ecuador, ii) describe the main uses of forest resources divided in timber and non-timber forest 

products and iii) analyze the role of forest resources in the Ecuadorian economy. 

2. MATERIALS AND METHODS

The information related to forest management and the use of forest resources in Ecuador was 

collected from peer-reviewed research articles and other sources. It included sources in Spanish and 

English languages available in scientific databases, management plans, books, government official 

information and Non-Governmental Organization (NGOs). The search of information specifically 

mentioned “sustainable forest management”, “TFP and NTFP”, “forest governance” and “forest 

resources” from a social science approach. For a better understanding, the methodological process 

for the literature review has been divided and presented in a flow diagram sifting process, 

considering four parts: i) identification, ii) screening, iii) eligibility and iv) inclusion Figure 1 [28]. 

Figure 1. Methodological research process, presented according to the Prisma Diagram [28]. 
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The review was based on a quantitative and qualitative content analysis, summarizing the 

main insights for the central research topics such as: i) legal framework for the management and use 

of natural resources, ii) use of forest resources (TFP and NTFP) and, iii) an economic perspective. 

3. RESULTS

3.1. Legal Framework for the Management and Use of Forest Resources 

The legal regulatory framework for the management of natural resources corresponds to the 

functions that each state has [29]. The approach of forest policies in Ecuador emerged from the 70s 

including criteria of community forestry, agroforestry and forest management. In the following 

decade, provision and cultural environmental services are recognized, trying to reduce the pressures 

on the territory of the communities. Finally, starting in the 1990s, legal instruments were developed 

for the management and use of natural resources, including forest resources. [10]. The Ecuadorian 

Forest policies are compiled according to their hierarchy in Table 1. 

Table 1. Legal framework for the use and management of forest resources. 

Type of law Purpose of the Act Year Reference 

Constitution of the Republic of Ecuador 

It is the set of fundamental norms that protect rights and 

freedoms, organize the State and democratic institutions 

and promote economic and social development. 

2008 [30] 

Organic Code of the Environment 

Guarantee the rights of the people to live in a healthy and 

ecologically balanced environment, as well as protect the 

rights of nature. 

2017 [31] 

Organic law on incentives for production 

and prevention of tax fraud 

Provide economic incentives for afforestation and 

reforestation with commercial purposes 
2014 [32] 

Unified Text of Secondary Legislation, 

Environment 

Establish basic environmental policies for the management 

of natural resources  
2003 [33] 

Organic Law for the reactivation of the 

economy strengthening of dollarization 

and modernization of financial 

management 

Acquire goods related to research and technology that 

improve productivity 
2017 [34] 

Organic Law for Productive Promotion, 

Attraction of Investments, Employment 

Generation and Fiscal Stability and Balance 

Regulate behaviors that are harmful to health and 

encourage activities for the management of natural 

resources 

2018 [35] 

Norms for Sustainable Forest Management 

of Humid Forests 

Regulate forest management of humid forests, using the 

principles, criteria and indicators established to promote 

sustainable forest management. 

2015 [36] 

Procedures to Authorize the Harvesting 

and Cutting of Wood 

It establishes the administrative procedures to authorize the 

sustainable use of the timber forest resources of the humid, 

Andean and dry natural forests; from cultivated forests: 

forest plantations, planted trees, trees from natural 

regeneration in crops; the pioneer formations; of trees in 

agroforestry systems; and, forest products other than wood. 

2010 [37] 

Norms for the Management of Andean 

Forests 

Regulates the management of the Andean Forest, its 

resources and its uses. 
2006 [38] 
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Type of law Purpose of the Act Year Reference 

Standards for Sustainable Forest 

Management of Dry Forests 

It establishes regulations for the management and 

sustainable forest use of dry forests, the recommended 

techniques, commitments and responsibilities in the 

execution of plans, management, forest use and the 

conservation of its environmental services. 

2007 [39] 

Standard for the procedure for the 

Adjudication of State Forest Heritage 

Lands and Protective Forest and 

Vegetation 

Establish the parameters for the adjudication of lands of the 

state’s forest heritage. 
2007 [40] 

Ministerial Agreement No. 003 
Regulation before the invasion of properties subject to the 

forest regime 
2014 [41] 

Standard for Verification and Control Final 

Destination 

Establishes the technical and administrative procedures for 

the legal verification of forest products 
2014 [42] 

Forest Seed Standard 
Establishes regulations regarding forest seeds in the 

country. 
2004 [43] 

Instructions for the measuring of wood 
Establishes the measuring techniques for wood transported 

in vehicles. 
2010 [44] 

Instructions for the application of tax credit 

payments for the afforestation program 

Establishes the instructions to obtain certification by the 

Ministry of the Environment to apply as a tax credit, the 

payments made for afforestation or reforestation programs. 

2012 [45] 

Operational Manual for the Incentive for 

Sustainable Forest Management 

It establishes the procedures, requirements, beneficiaries 

and more conditions for the application of incentives for 

Sustainable Forest Management. 

2014 [46] 

Operational Manual for the Incentive for 

the Conservation and Sustainable Use of 

the Mangrove 

It establishes the procedures, requirements and conditions 

for the application of the incentives for the conservation and 

sustainable use of the Mangrove. 

2014 [47] 

National Program of Incentives for the 

Conservation and sustainable use of 

Natural Heritage 

It integrates the incentive initiatives in a single National 

Program, seeking a comprehensive intervention in the 

territory and promoting an improvement in the living 

conditions of the inhabitants. 

2013 [48] 

“Socio Bosque” Project Creation 

Creation of the “Socio Bosque” Project as a mechanism for 

the implementation of incentives by the State, through the 

Ministry of the Environment, for owners of properties 

covered with native forest, moors and other native plant 

formations in the country. 

2008 [49] 

Reform of the “Socio Bosque” Project Includes plant recovery and ecological cover criteria 2011 [50] 

Regulations for promoting forest 

plantations. 

Regulate the registration, approval and execution of felling 

plans and forest exploitation licenses. 
2018 [51] 

Reform of the Requirements to grant the 

Forest Incentive 

Amendment to the Instructions to grant the Economic 

Incentive for Afforestation and Reforestation for 

commercial purposes. 

2014 [52] 

Instructional Reform to grant an Economic 

Incentive for Reforestation for commercial 

purposes 

Amendment to the Instructions to grant the Economic 

Incentive for Afforestation and Reforestation for 

commercial purposes. 

2016 [53] 

Instructions to grant the economic 

incentive for reforestation and afforestation 

for commercial purposes 

Establishes the procedure for granting incentives to 

landowners who promote commercial afforestation and 

reforestation in Ecuador. 

2014 [54] 
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Type of law Purpose of the Act Year Reference 

Regulations for the zoning of land for 

afforestation and reforestation 

Regulate the establishment of forest plantations in Ecuador 

on land available for this purpose. 
2013 [55] 

Reform to the regulations for the zoning of 

land for afforestation and reforestation 

Reform to the regulations for the zoning of land for 

afforestation and reforestation. 
2013 [56] 

Instructions that regulate the preparation, 

approval and execution of felling 

programs, forest exploitation licenses and 

circulation guides for commercial forest 

plantations 

Establish the administrative procedures for the 

authorization of felling programs, issuance of the 

corresponding forest exploitation licenses and mobilization 

guides, coming from commercial forest plantations. 

2010 [57] 

Technical sheet for commercial 

reforestation 

Document for the presentation of commercial afforestation 

or reforestation proposals through the Reforestation 

Incentives Program for commercial purposes. 

2013 [58] 

Technical Protocol for the registration of 

the Forest Operator 

It establishes the procedure and the technical and 

operational instruments for the qualification and 

registration of the Forestry Operator, its renewal, 

suspension and cancellation of the registration. 

2013 [59] 

Resolution Inclusion of Persea americana, 

Hass variety as an incentivized species 

It establishes the densities and the respective cost per 

hectare for the establishment and maintenance of avocado 

plantations. 

2013 [60] 

Phytosanitary Measures for Wood 

Packaging 

Establishes the procedures for the certification of raw, 

elaborated or processed wood packaging in the facilities 

authorized by the Ecuadorian Service of Agricultural 

Health 

2004 [61] 

Provisions for the use of machinery and 

heavy equipment in mining activities and 

commercial transport of heavy loads of 

forest products 

Regulates the use of machinery and heavy equipment in 

mining activities and commercial transport of heavy loads 

of forest products 

2016 [62] 

Regulation for Plywood Panels 
It establishes the requirements that plywood panels for 

general use and structural use must meet. 
2014 [63] 

Procedure for the Certification of 

Conformity with the INEN Quality Seal 

Describes the activities carried out by INEN to apply the 

certification scheme for products with the INEN Quality 

Seal. 

2015 [64] 

Requirements Plywood Boards 
It establishes the minimum requirements that plywood 

panels must meet for certification purposes. 
2003 [65] 

The information shown in Table 1 suggests, mainly, that the legislative and executive 

functions, through their ministries, secretariats, and undersecretaries, are responsible for 

formulating policies and laws that allow forest management [66]. The main approaches of this 

regulation can be divided into: i) regulation of forest use, ii) regulation of illegal activities, and, iii) 

conservation and ecological restoration [67]. Additionally, according to the current National 

Development Plan, the use of renewable and non-renewable natural resources is promoted. 

Regarding local governance, the decentralized autonomous provincial, municipal and parish 

governments have specific competencies for land use planning and management of their natural 

resources. This includes the distribution of space, determination of environmental and social 

impacts, partial studies for conservation, land use and natural resources [68]. 
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Despite the existence of a broad legal framework, for the industrial sector the interests are 

directed towards productivity and quality. This indicates that aspects such as tax incentives 

(penalties, exemptions and deductions) for forest use could be emphasized. That is, policies that at 

the same time promote forest control with sustainable forest management practices. 

3.2. Framework and Use of Forest Resources 

Forest resources are considered as a source of income for the population. Therefore, these 

actions generate positive and negative impacts on the environment [69]. Commonly, the human 

being makes use of natural resources in order to satisfy primary needs such as: food, health and 

leisure. [70]. Among the political-legal-administrative aspects that Ecuador has taken as a measure 

is to establish the principal management types and categories of forest: i) National system of 

protected areas (37.27%); ii) Forest with productive potential (33.91%); iii) Protective Forest (27.01%); 

Forest plantations (1.81%) [71]. These data show that the management for conservation approach is 

the main use (64.28%). Table 2 shows one of the methodologies [67], used to classify the forest area 

in the country.  

Table 2. Forest classification of Ecuador by predominance of ecological region and area. Adapted from [72]. 

Natural region 
Area 

(km2) 
Share (%) Description  

Western Ecuador Moist 

Forests 

40,218 6.27 

Found in Colombia and Ecuador. Forests rich in species with high levels 

of local and regional endemism. Threatened by logging, road construction 

and colonization. 

Northwest Andean 

Montane Forests 

52,937 8.26 

Found in Colombia and Ecuador. Exceptionally rich in species with a high 

proportion of local and regional endemics. Threatened by conversion to 

agriculture and grasslands, mining operations and logging.  

Ecuadorian Dry Forests 
22,271 3.47 

They have high levels of local and regional endemism. Strongly 

threatened by logging and grazing.  

Guayaquil Flooded 

Grasslands 

3,617 0.56 Found only in Ecuador east of the Daule River 

Northern Andean 

Paramo 

58,806 9.17 

Found in Colombia and Ecuador. Restricted to high peaks; Species with 

particular adaptations to cold and dry conditions. Threatened by burning, 

grazing and conversion to agriculture. 

Eastern Cordillera Real 

Montane Forests 

84,442 13.17 

Found in Colombia, Peru, and Ecuador. Exceptionally rich in species with 

a high proportion of local and regional endemism. Strongly threatened by 

conversion to agriculture and grazing, mining operations, and logging. 

Napo Moist Forests 369,847 57.68 

Found in Colombia, Peru, and Ecuador. They contain one of the world’s 

richest biotas. It has extraordinary diversity. Oil operations and road 

construction have caused forest degradation and fragmentation and have 

facilitated colonization. 

Galápagos Islands Xeric 

Scrub 
9,122 1.42 

Flora and fauna with a high level of endemism. Threatened by 

overgrazing, introduction of exotic species and burning. 

Total 641,260 100.00 
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As shown in Table 2 the largest of the forest extensions that the country has is found in the 

humid forests of the Napo with 57.68% including a high biodiversity [73-76]. However, the state also 

issues forest exploitation permits in this territory prior to the approval of a management plan. With 

the above mentioned, stakeholders and other state agencies are continually being integrated, with 

the purpose of developing alternatives that allow an efficient execution of the legal framework. 

3.2.1. TFP in Ecuador 

Ecuador has different types of forest due to the diversity of climates. Currently, there are cca. 

3.6 million of hectares for reforestation, considering a potential of 63 % for productivity [77].  Of the 

total wood harvested only a small part comes from plantations. These are found mainly in the 

Ecuadorian highlands (90%), 8% on the coast and only 2% in the Amazon region [78]. Among the 

main exotic commercial species that have been introduced for plantations are: Tectona grandis, 

Eucalyptus globulus, Eucalyptus citriodora, Pinus radiata, Terminalia superba, Gmelina arborea [77]. 

3.2.1.1. Uses of the Main Timber Forest Resources 

The forestry sector directly creates around 235,000 employments. In addition, exports by the 

timber industry are increasing income for the economy. Despite the health emergency (COVID-19) 

which has affected the sector worldwide, the forestry industry has been able to recover through 

plans and actions taken by authorities to partially restart activities [79].  

Tables 3-5 show the main timber species used in Ecuador, divided according to the continental 

natural regions and their uses: industrial (transformation of raw material), energy (thermal 

conversion: firewood and coal), protection (conservation), agroforestry (combination with crops) 

and silvo-pastures (forestry-livestock) [80]. 

Table 3. List of timber species from Sierra Natural Region. Adapted from [80]. 

Timber Species in Ecuador 

Climate Type Scientific Name 
Main Uses 

Industrial Energetic Protection Agroforestry Silvo-pasture 

Dry Mountain 

Forest 

Eucalyptus saligna x x 

Eucalyptus grandis x x 

Eucalyptus deglupta x x 

Prunus capuli x 

Parkia multijuga x x x x x 

Casuarina guisetifolia x 

Acacia macrante x x x x 

Parquia nítida x x x x 

Cusalpina espinosa x x x x 

Jacarandá sp. x x x x 

Clarisla recemosa x 

Schumus molle x x 

Cassia Fístula x x 
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Timber Species in Ecuador 

Climate Type Scientific Name 
Main Uses 

Industrial Energetic Protection Agroforestry Silvo-pasture 

Humid 

Montane Forest 

Prosopis intermis x x x x 

Tamarindus indica x x x 

Azadirechte indica x x 

Pinus radiata x x 

Pinus psuedestrobus x x 

Pinus patula x x 

Tropical Moist 

Forest 

Cetrolobium patinesis x 

Acacia marguin x x 

Ochroma lagopus x 

Ochroma piramidale x 

Cedrela odorata x 

Cedrela Fililis x 

Cadelina catenacformis x x 

Triplaris guayaquilensis x x 

Tabeuia crysantha x 

Tabeuia donnel sm. x 

Pseudosamanea guachapele x x 

Cordia alliodora x x 

Cariodendrum orionosensis x x x 

Anacardium escelsum x x 

Hiernyma chocoensi x 

Pinus Caribea x x 

Schizolubium parabybon x x x 

Crotom s.p x x 

Terminaliz iborensis x x x 

Carapa guianensis x 

Humid 

Montane Forest 

Araucaria angustifolia x 

Alnus jarullensis x x 

Acacia melanoxilum x x 

Acacia dealbata x x 

Cupresus macrocarpa x x 

Cupresus lusitania x 

Cedrela rosil x 

Telcona stans x x 

Eucalyptus saligna x 

Eucalyptus grandis x 

Eucxalyptus globulus x 

Fraxinus americana x x 

Albizzia distachia x x x 

Grevillea robusta x x x x 

Juglaris neourotropica x 

Gynoxis sp. x x x 

Oreopanax sp. x x x 

Budd leia x x 

Vallea Stipularis x x x 

Polylepsis sp. x x x x 
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Table 4.  List of timber species from Coast Natural Region. Adapted from [80]. 

Timber Species in Ecuador 

Climate Type Scientific Name 

Main Uses 

Industrial Energetic Protection Agroforestry Silvo-pasture 

Tropical Dry 

Forest 

Swintenia macrophylla x 

Casuarina eguisetifolia x x 

Delonix regia x x 

Minguaitin guianensis x 

Leucaena Leucocephala x x x 

Saman samanea x x x 

Tectona grandis x 

Spatodea sp. x x 

Table 5.  List of timber species from Amazon Natural Region. Adapted from [80]. 

Timber Species in Ecuador 

Climate 

Type 
Scientific Name 

Main Uses 

Industrial Energetic Protection Agroforestry 
Silvo-

pasture 

Very 

Humid 

Tropical 

Forest 

Parkia multijuga x x x 

Parquia nítida x x x 

Jacarandá capais x x x 

Cordia alliodora x x 

Cariodendrum orionosensis x x x 

Pollalista Kausteril x x 

Crotom s.p x x 

Table 6. Main TFP and uses. Adapted from [81,82]. 

Timber Forest Products 

Type Product 

The primary processing industry: - Plywood: current, decorative, and marine, laminated, decorative veneers

- Agglomerates (various thicknesses)

- MDF boards 

- Sawn wood 

- Pulp and paper 

The secondary processing industry: - Furniture 

- Processors of balsa: panels, glued, planed wood of various dimensions

Construction industry: - Column processing 

- Beams 

- Wooden trusses 

Doors and windows: - Mouldings 

- Ice cream scoops 

- Tongue depressor 

- Sticks paddles 

- Handicrafts 

Ecuador has a high biodiversity of timber trees among which we can highlight Tectona grandis, 

Eucalyptus globulus, Eucalyptus citriodora, Pinus radiata, Cordia alliodora, Parquia nitida and Swintenia 

macrophylla, and which are used by the industry to create products. In addition, Table 6 shows the 
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main TFP that have been identified based on the use by type of industry. With the information 

shown Table 6, it can be highlighted that within the most representative timber products for the 

country, the primary sector industry mainly generates chipboards (25%), plywood boards (11%), 

paper (6.14%) and wood chips (1.92%), whereas, in the industry of the secondary sector are balsa 

blocks (23%), furniture (11%), slices and strips (5%) [81, 82]. 

Wood is an important source of income for households and industries. Considering the 

progressive increase in the demand for forest resources, the Ecuadorian state has developed actions 

to control and monitor the movement of wood in the chain of custody. In this context, one of the 

main initiatives is forest certification, whose purpose is to safeguard the resource and increase its 

economic value. 

3.2.2. NTFP in Ecuador 

According to the Food and Agriculture Organization of the United Nations [83], NTFPs are 

goods of biological origin, other than wood, that come from forests or other areas with the presence 

of trees, but outside forests. In the country, despite various efforts, there is no adequate regulation 

to take advantage of these resources in a sustainable way, since the tool applied by the Ministry of 

the Environment to legitimize this activity is generated at the time of its mobilization through the 

Circulation Guides and, rarely since its origins [84]. 

3.2.3. Main NTFP Generated in Ecuador 

NTFP in the country play a key role in both urban and rural areas as they generate 

employment and income for the population. There is a variety of products, which have historically 

been used by rural communities in areas for: i) food, ii) tools, iii) handicrafts, iv) medicines, v) 

housing materials and vi) health [85]. Table 7 shows the main NTFP which have been identified 

based on the methodology proposed by [86-88]. 

Table 7. Main NTFP and categories of uses.  

Non-Timber Forest Products 

Category Main Species  

Food and drinks: Bactris gasipaes, Opuntia ficus-indica, Euterpe precatoria and genus Pouteria 

Essential oils and ascents:  Bursera graveolens, Laurus nobilis, Cymbopogon citratus, Eucalyptus citriodora 

Medicines and pharmaceutical principles: Uncaria tomentosa, Marsdenia cundurango, Piper aduncum, Phyllanthus niruri 

Toxic, stimulants, natural insecticides: Rattlesnake thevetia, Piscidia carthagensis, Erythroxylum coca 

Latex and resins:  Crotton lechleri, Pinus caribaea 

Colorants and dyes: Dactilopious coccus, Bixa orellana 

Fibbers: Ceiba trichistandra, Carludovica palmata 

Utensils tools and construction materials: Guadua angustifolia 

Mystics, celebrations and rituals: Dracroides peruviana, Clusia pallida, Bursera graveolens, Banisteriopsis caapi, Echinopsis pachanoi 

Handicraft: Phytelephas aequatorialis 

Ornamental: Palms of the genus Chamaedorea 

Forage: Prosopis juliflora, Geoffroea spinosa, Acacia macracantha, Guazuma ulmifolia 
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Based on the information presented Table 7, it should be considered that certain species may 

have more than one use, for example vegetable ivory (Phytelephas aequatorialis). This species is used 

by local communities, for instance, the use of its leaves, fibers and fruits for the elaboration of 

handicrafts stands out. Additionally, residues such as sawdust and ground waste are used to make 

nutritional supplements for livestock [84].  

When people refer to NTFP and its main uses, most agree when naming the categories: Food 

and drinks, medical and pharmaceutical principle. On the other hand, categories such as essential 

oils, glues, toxic, stimulants, natural insecticides are not usually recognized. Unfortunately, these 

categories have been underestimated by the industry, despite the existence of countless favorable 

raw materials but scarcely used.    

3.3 The Role of Forest Resources in Ecuadorian Economy 

The Ecuadorian economy grew by 5.6% at the end of 2021. This increase was driven by the 

positive variation of the components of the Gross Domestic Product (GDP), mainly the category of 

exports related to the use of natural resources such as oil, aquaculture, treated wood products, 

metallic and non-metallic minerals [89]. Consequently, the production of forest products is based on 

the provision of native forest and plantations. This has allowed the supply to the national industry 

for internal consumption and exports [90]. These activities are regulated by current harvesting 

regulations, mentioned in the section on the legal framework for the management and use of forest 

resources. 

The livelihoods of the population are related to forest management [91]. For instance, 

rainforests located in the Amazon region (e.g., Brazil, Ecuador, Colombia, Peru, Bolivia and 

Venezuela) have shown how the forest resource produces high economic income, because their 

products enter international trade, obtain government royalties, generate income for the sector and 

fulfill a social function [11]. 

Figure 2. Share of GDP forest income from 2000 to 2019 [92]. 
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Forest rent is expressed as roundwood harvest multiplied by the product of average prices 

and the region-specific rate [92]. Ecuador has historically generated forest income due to the 

continuous use of this resource Figure 2. The trend of the contribution to the national GDP from 

1970 to 1999 has been growing, due to the increase in plantations, mainly in the Amazon region [93]. 

However, in the year 2000 important changes were included to the forest and conservation law, 

where control over forest production was increased with the purpose of reducing social and 

environmental impacts [94]. From the 2000 to the present, this contribution has decreased, with the 

exception of the year 2010 where forest rents grew (0.44%) due to a greater number of forest 

exploitation licenses [92]. These annual monetary resources come from forest plantations, native 

forests and agroforestry systems [95, 84]. The way of commercialization is mainly as raw material, 

while private owners cede commercial use to third parties, selling standing trees to companies for 

industrialization [91]. 

According to information from the Central Bank of Ecuador, the production of wood and 

derivates is the fifth key industry (demand and supply large quantities of inputs to the rest of the 

sectors) for the Ecuadorian economy [96]. The Ecuadorian Federation of Exporters (FEDEXPOR), 

declares that 19 varieties of wood are exported, but Ochroma pyramidale and Tectona grandis are the 

most in demand abroad; their main destinations are India, Japan, the United States and China [97]. 

The super-intendency of companies in Ecuador reports that there are currently 204 

companies nationwide dedicated to the extraction of wood, of which 87.3% are located in Guayas, 

Pichincha, Manabí and Los Ríos provinces [98]. In addition, according to The International Tropical 

Timber Organization (ITTO), the forestry sector generates around 235,000 direct employments. Most 

of this employment is generated at the rural level and in small cities where much non-industrialized 

activity is concentrated [99]. The trade balance of the sector presented a surplus in the analysis 

period 2016 - 2020 (Figure 3). The exports of the sector were on average 73 times higher than imports, 

this denotes that the sector satisfies internal demand and provides resources abroad. 

Figure 3. Trade Balance of the Forest sector (Million USD), [92]. 
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In Ecuador's trade balance in the forestry sector, dominate mainly the export of sawn wood, 

prepared plywood and chipboard, doors and windows and other manufactured wood products [96, 

10]. Complementary to this information, through the Free On Board (FOB) incoterm indicator, the 

export values of wood and its derivatives are shown in Figure 4.  

Figure 4. Non-traditional FOB exports [96]. 

In general terms, this statistical import parameter has had a growing trend. However, in 2021 

the economic value of wood exports decreased, mainly due to the drop in international prices due 

to the health emergency. Additionally, factors such as the cancellation of contracts due to lower 

demand in destination countries, the cancellation of scheduled international fairs, as well as 

logistical problems generated by the temporary closure of ports and airports contributed to this 

trend [96]. 

The economic contribution of forest resources to the national economy is the consequence of 

the policies applied with exploitation and conservation approaches. For instance, the market prices 

of timber products are directly related in the domestic economy to the use of inputs, machinery, 

infrastructure, fossil fuels and employment levels in the productive sector. Accordingly, the 

country's forest economic policy is influenced by factors such as: i) international agreements for 

imports and exports; ii) land use, and iii) the conditions of the forest resource. 

The results of this study have been analyzed descriptively and systematically, despite the 

information gaps and outdated government platforms for forest evaluation and the national forest 

monitoring system. Therefore, a greater transparency of information could enrich the knowledge 

base and even a greater application of comparative analyzes of the forestry sector between countries. 
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4. CONCLUSIONS

Overall, the described concepts and approaches from the role and use of forest resources in 

Ecuador are divided in exploitation and conservation. The interests of the industries are focused 

towards productivity and quality, while the government prioritizes forest control policies, 

international agreements for imports and exports, regulation of land use, management of native 

forest, reforestation and evaluation of the conditions of the forest resource. Therefore, one of the 

joint initiatives with Ecuadorian control authorities is forest certification, whose purpose is to 

increase its economic value and sustainable management practices. In order to increase the 

participation in national and international markets, the forest sector could be addressed in the 

potential use of NTFP and not only in TFP. 

SUPPLEMENTARY MATERIALS 

Not the case. 

FUNDING 

This work received no external funding. 

ACKNOWLEDGEMENTS 

The authors acknowledge the support of Escuela Superior Politécnica de Chimborazo and Transilvania 

University of Brasov. The authors would like to thank the anonymous reviewers for their valuable comments 

that contributed in improving this article. 

CONFLICT OF INTEREST 

The author declares no conflict of interest. 

APPENDIX 

Not the case. 

EXTENDED ABSTRACT – REZUMAT EXTINS 

Titlu: Rolul resurselor forestiere şi utilizarea acestora în Ecuador 

Introducere: Identificarea beneficiilor generare de păduri necesită evaluarea drepturilor, obligațiilor, 

stimulentelor şi restricțiilor care promovează o administrare mai bună a pădurilor. Beneficiile relaţionate cu starea 

pădurilor şi nivelul veniturilor trebuie percepute la un același nivel de importanță de către toți actorii din sector. În 

ultimele două decenii, relaţia dintre utilizarea şi protecția pădurilor a evoluat prin încorporarea unor indicatori consacrați 

pentru măsurarea şi urmărirea stării şi diversității biologice a pădurilor. Având în vedere că cea mai mare diversitate se 

regăsește în ecosistemele tropicale, există un mare potențial pentru generarea de produse lemnoase şi produse accesorii. 

Cunoașterea realității cu privire la aceste resurse forestiere este importantă în managementul forestier pentru că permite 

dezvoltarea de analize de natură legală, productivă şi economică pentru identificarea eventualelor beneficii şi a 

potențialului de utilizare a acestora. Pe această direcție, lucrarea de faţă realizează o sinteză cu privire la managementul 

forestier şi utilizarea resurselor forestiere în Ecuador. 

Materiale şi metode: Informațiile cu privire la managementul şi utilizarea resurselor forestiere în Ecuador au 

fost colectate din articole ştiinţifice în limba engleză şi spaniolă precum şi din alte surse cum ar fi planurile de 

management, informaţii oficiale emise de guvern şi alte organizaţii. Căutarea informației s-a realizat prin folosirea unor 
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cuvinte cheie cum ar fi ,,management forestier sustenabil”, ,,produse lemnoase”, ,,produse accesorii”, ,,guvernanță 

forestieră” şi ,,resurse forestiere”. Prelucrarea informației a avut la bază analize cantitative şi calitative cu privire la 

tematicile abordate: i) cadrul legal cu privire la managementul şi utilizarea resurselor naturale, ii) utilizarea resurselor 

forestiere şi iii) perspectiva economică. 

Rezultate şi discuții: Principalele direcții identificate au fost i) cadrul legal pentru utilizarea resurselor 

forestiere, ii) cadrul legal pentru combaterea tăierilor ilegale şi iii) conservarea şi ameliorarea ecologică. Interesele 

sectorului industrial sunt direcționate către productivitate şi calitate. Situația indică faptul că aspecte precum 

stimulentele financiare şi fiscale pentru utilizarea resurselor forestiere ar putea fi benefice în scopul promovării de politici 

care contribuie în același timp atât la controlul şi monitorizarea activităţilor cât şi la practici de management sustenabil. 

Având în vedere creșterea progresivă a cererii pentru resurse forestiere, Ecuadorul a dezvoltat acțiuni pentru controlul 

şi monitorizarea fluxului de lemn în lanțul de custodii. În acest context, una dintre inițiativele principale este certificarea 

forestieră a cărei scop este să protejeze şi să crească valoarea economică a resurselor. Pe de altă parte, în balanța comercială 

forestieră a Ecuadorului domină exportul de produse ale prelucrării lemnului şi a altor produse finite şi semifinite. 

Contribuția economică a resurselor forestiere la economia națională este o consecință a politicilor aplicate pentru 

exploatarea şi conservarea resurselor. De exemplu, în economia autohtonă prețurile de piață pentru produsele forestiere 

sunt direct relaţionate cu utilizarea resurselor, echipamentelor, infrastructurii precum şi cu numărul de locuri de muncă 

în sectorul productiv. Ca atare, politica economică forestieră a ţării este influențată de factori precum: i) acordurile 

internaţionale pentru import şi export, ii) folosința teritoriului şi iii) condiţiile resurselor forestiere. 

Concluzii: Conceptele şi abordările descrise pentru rolul şi utilizarea resurselor forestiere în Ecuador sunt 

relaţionate atât cu exploatarea cât şi cu conservarea resurselor. Interesele industriilor sunt concentrate pe productivitate 

şi calitate în timp ce guvernul prioritizează politicile de control forestier, acordurile internaţionale pentru importuri şi 

exporturi, legile pentru utilizarea terenurilor, managementul pădurilor naturale, reîmpădurirea şi evaluarea stării 

resurselor forestiere. Una dintre inițiativele autorităților din Ecuador este certificarea forestieră care are ca scop creșterea 

valorii economice şi asigurarea de practici forestiere sustenabile. Pentru creșterea gradului de participare pe piețele 

internaţionale, sectorul forestier trebuie să aibă în vedere potențialul utilizării produselor forestiere accesorii. 

Cuvinte cheie: Management forestier, produse lemnoase, produse accesorii, utilizarea pădurilor, Ecuador. 
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