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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: Ceahlau, Ciucas, 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 arca, 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 trce 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 genctic 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) genotypc-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 (Brasov, 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
Furnicosi seed orchard is an interspecific hybridization (Larix decidua x L. leptolepis) seed orchard and
plus trees of European larch originated from Brasov, Sinaia, and Latorita forest districts (Curvature
and Southern Carpathians). Plus, trees tested in Hemeiusi 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 x 4 provenances, with 25 trees per plot and three repetitions.
Both experimental trials werc 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 (m?®); 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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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-Furnicosi and 53-Hemeiusi 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 (Hemeiusi, 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-Furnicosi and 53-Hemeiusi, 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-
sity and in-situ approaches.
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APPENDIX
Not the case.

EXTENDED ABSTRACT - REZUMAT EXTINS

Titlu: Variabilitatea genetici a laricelui (Larix decidua MILL.) in culturi de proveniente instalate in Romania.

Introducere: Laricele are un areal discontinuu din estul Frantei spre centrul si sudul - estul Italiei, muntii din
sudul, centrul $i estul Europei. Alpii sunt cel mai mare habitat natural $i continuu al laricelui. Se estimeazd cd padurile
de larice european reprezintd aproximativ 4% din totalul piadurilor de conifere si mai putin de 1% din totalul padurilor
din Europa. In Romania, laricele vegeteazi spontan in cinci centre montane Ceahliu, Ciucas, Bucegi, Lotru si Apuseni.
Laricele este o specie cu crestere rapidd, cu lemn de inaltd calitate si rezistentd ridicatii la poluarea aerului. Aceastd specie
are un nivel ridicat de variabilitate geneticd pentru caracteristicile economice majore, fiind una dintre cele mai studiate
specii din Europa. Laricele este o specie forestierd importantd in Roménia, iar programul siu de ameliorare geneticd a
inceput in anii 1960. Obiectivul principal al acestui program a fost de a imbunititi rezistenta la factorii biotici si de
mediu, si de a creste productia gi calitatea lemmului. Cunoasterea variatiei genetice geografice a populatiilor de larice
devine din ce in ce mai importantd in contextul schimbirilor climatice, pentru stabilirea unor strategii adecvate de
conservare a resurselor genetice forestiere, pentru a imbunatiti adaptabilitatea speciei la schimbdirile climatice si pentru
a continua programul de ameliorare geneticd in Romdnia. Obiectivele acestui studiu au fost de a evalua variabilitatea
genetici la nivelul provenientelor de larice testate in culturi experimentale, de a studia corelatiile dintre caractere si de a
investiga interactiunea genotip - niediu, cu scopul selectiei celor mai bune proveniente, in ceea ce priveste caracterele de
crestere, formd a fusului si supravietuirea, ca surse valoroase de germoplasmd pentru programele de reimpddurire si
ameliorare.
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Materiale si metode: Materialul acestui studiu constd din 16 proveniente de larice, 7 roménesti si 9 striiine, din
urmidtoarele tdri: Germania (3), Austria (2), Belgia (1) si Slovacia (3). Provenientele 30, 31, 54, 55, 59, 62, 63, 65 sunt
comune in ambele culturi. Materialul testat provine din plantaje de larice, arborete art.ficiale si arborete naturale.
Culturile cu proveniente de larice analizate in acest studiu au fost instalate tn anul 1982, in doud locatii (Bucova si
Siminicea), iar dispozitioul experimental este grilaj pdtrat de tip 4 x 4 cu 3 repetitii. In fiecare culturi au fost mdsurati
10 arbori (din categoria dominant sau codoninant) pe parcela unitard, in fiecare dintre cele 3 repetitii. Mdsuritorile in
suprafetele experimentale au fost ¢fectuate la vdrsta de 39 de ani, iar metoda de evaluare in teren a constat in misurdtori
biometrice si observaii cu privire la indltimea totald, diametrul la 1.30 m, volumul mediu pe arbore, tndltimea elagatd,
forma fusului si supravietuirea. Programele Excel $i SPSS au fost utilizate pentru prelucrarea si analiza statisticd a
datelor si a observatiilor din teren.

Rezultate si discutii: Analiza variantei in fiecare loc de testare a evidentiat dferente statistice semmificative
intre provenientele de larice testate, in ceea ce priveste caracterele analizate. Cele mai mari valori pentru diametrul la
1,30 nt au fost obtinute in cultura comparatiod Bucova. In cultura Bucova, cele mai mari cresteri in diametru au
inregistrat provenientele : 51 - Furnicosi (plantaj, Roménia), 53 - Hemeiusi II (plantaj, Romdnia), 59 - Sinaia (arboret
artificial, Romania) si 32 - Berkel (plantaj, Germania). Cele mai mari valori pentru indltimea totald au fost inregistrate,
de asenienea, In cultura Bucova, iar in topul clasamentului au fost situate provenientele : 32 - Berkel (plantaj, Germania),
51 - Furnicogi (plantaj, Romania) i 59 - Sinaia (arboret artificial, Romania). In cultura comparativi Siminicea,
provenientele care au obtinut cele mai mari valori ale indltimii totale au fost : 47 - Halle (plantaj, Belgia), 30 - Harbker,
Hanau (plantaj, Germania) si 45 - Haldensleben Ober forsterei Bischc fswald (Germania). In cultura comparativid Bucova
s-au Inregistrat cele mai bune rezultate in ceea ce priveste volunul mediu pe arbore, in topul clasamentului situdndu-se
plantajul 51 - Furnicogi, Romdnia, in timp ce in cultura comparatiod Siminicea in topul clasamentului se situeazi
plantajul 47 - Halle, Belgia. De asenenea, in cultura comparativd Bucova s-au inregistrat cele mai mari indltimi elagate,
dar si cele mai multe decfecte de formd ale fusului. In ambele locuri de testare, cea mai bund forma a fusului o prezinti
provenientele din Romania gi Austria. Cele mai mari procente de supravietuire, la virsta de 39 de ani de la plantare au
fost nregistrate Tn cultura comparativd Siminicea (55%), iar cele mai reduse tn cultura comparativd Bucova (41%).
Provenientele cu cea mai bund supravietuire in ambele locuri de testare sunt: 54 - Bicaz si 59 - Sinaia (arborete artificiale).
Corelatii pozitive semnificative intre caracterele de crestere si supravietuire au fost obtinute doar in cultura comparatiod
Bucova. Interactiunea provenientd - localitate a fost nesemnificatiod pentru caracterele de crestere, de calitate a lemnului
si supraviefuire, sugerdnd o stabilitate spatiald mare a per formantelor provenientelor de larice. Analiza multifactoriali a
variantei, evidentiazd o ivfluentd mai mare a conditiilor stationale comparativ cu factorul provenientd pentru caracterele
studiate.

Concluzii: Rezultatele acestui studiu indicd o variabilitate geneticd ridicatil la nivelul provenientelor de larice in
ambele culturi comparative. Performantele provenientelor de larice sunt influentate, in primul rind, de conditiile
stationale ale locului de testare. Cele mai bune pei formante de crestere au fost obtinute in cultura comparativid Bucova,
situatd in etajul figetelor montane, intr-un climat mai blind cu influente mediteraneene. In general, plantajele au obtinut
cea mai buni cregtere, formd a fusului si adaptabilitate, fapt care dovedeste superioritatea materialului obtinut prin
ameliorare, ca urmare a selectiei fenotipice la nivel de populatii si arbori plus. Cu toate acestea, compozitia genetici a
plantajelor conteazd, prin urmare, cele mai bune peiformante de crestere si adaptare au inregistrat plantajele: 51-
Furnicosi si 53-Hemeiusi, Romdnia, 32-Berkel si 30-Harbker, Germania si 47-Halle, Belgia.

Cuvinte cheie: larice, variabilitate geneticd, resurse genetice forestiere, provenante, corelatii 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 km? [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/km?, 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 vacancics, 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 i) 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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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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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 gencration 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 tari ale Americii de Sud, fiind una dintre tarile megadiverse si
avind o suprefatd de 256,370 km?2. Se estimeazd cd, in Ecuador, existd mai mult de 1250 de specii de plante pe km?, care
apartin unui numir de 136 de familii, multe dintre ele fiind endemice. 40% din teritoriul tirii este acoperit de piduri
naturale (in majoritate localizate in bazinul Amazonului) si 1% cu plantatii forestiere; 45% din suprafata tirii este
pretabild padurilor. Un numdr de 750 de specii forestiere sunt incadrate in grupa celor utilizabile, dintre care 48% pentru
produse accesorii, 45% pentru produse lemmonse si 7% pentru foc. In ultimii ani, produsele forestiere lemnoase din
Ecuador au fost caracterizate de o per formantd economici mai ridicatd datoritd exporturilor, inregistrandu-se o crestere
graduald Tn acest sector. Intre 2009 51 2018, sectorul forestier a contribuit, in medie, cu 1,3% la PIB, generand un numir
de 324,000 locuri de muncd si demonstrdnd cd sectorul are un potential economic ridicat pentru tard, motiv pentru care
devine importantd evaluarea continud a datelor macroeconomice pentru a le utiliza in scopul planificirii pentru a intruni
conditiile pietei si a asista luarea deciziei in doneniile public si privat. Obiectivele acestui studiu au fost urmditoarele: i)
de a identifica si caracteriza padurile la nivel national si i) de a analiza contributia lor in economia Ecuadorului sub
raportul generdrii de locuri de muncd si a participdrii la PIB-ul tirii.

Materiale i metode: Studiul s-a implementat prin consultarea sistematicd a literaturii cu privire la
perspectivele macroeconomice relationate cu productia forestierd din Ecuador. S-a realizat o sintezd cu privire la
distributia pddurilor si o analizd a participarii sectorului la PIB-ului tirii, avdnd la bazd studii si documente
guvernamentale cficiale. In plus, s-au consultat articole stiintifice recente din bazele de date nationale si internationale
cu scopul de a extinde analiza. Pentru accesarea surselor de date s-au folosit cuvinte cheie definite in raport cu scopul si
obiectivele studiului. Raportat la distributia padurilor in Ecuador, studiul a abordat trei tematici: distributia pe categorii,
stratificarea in raport cu suprafata ocupatd gi functiile padurilor si, respectiv, analiza retrospectivi a suprafetelor ocupate
de piduri. Analiza aspectelor macroeconontice a luat in considerare piata internd a lemmului in perioada 2016-2019, piata
externd a lemmului i exporturile in perioada 2006-2019, precunt i rolul sectorului forestier in macroeconontie prin
analiza retrospectivd a contributiei acestuia la PIB-ul tirii si la generarea de locuri de munci in perioada 2016-2020.
Iniformatia colectatd din diverse baze de date a permis realizarea unor interpretiri pe baza unui numdr relativ mare de
variabile.

Rezultate si discutii: Suprifata totald a padurilor din Ecuador este de 12,385,973 hectare, reprezentind 38.8%
in regiunea de coastd/litoral, 30.4% in regiunea Anzilor, 30.1% in regiunea Amazonului si 0.8% in suprafete din alte
categorii. In regiunea de coastd, terenurile sunt destinate, in principal, culturilor permanente, urmate de culturi pasagere,
terenuri necultivate, pisuni si alte utiliziri. In regiunea Anzilor, predomind padurile si terenurile forestiere. In regiunea
Amazonului, predomind padurile naturale de altitudine joasd, piddurile montante si piemontane. Ca rezultat la schimbirii
folosintei terenurilor, o parte din pddurile Ecuadorului au devenit pasuni, terenuri agricole, plantatii de cacao, porumb,
palmier, cifea si, respectiv, terenuri destinate infrastructurii. In 2019, piata nationald lemnului a fost caracterizatd de o
valoare de 9.2 milioane de dolari in 2019 (17% mai putin fatd de 2018). 98.9% din aceastd sumdi a fost generati de
provinciile Pichincha, Los Rios si Cotopaxi. Novopan este cea mai mare companie exportatoare (75.92 milioane dolari),
urmatd de Plantaciones de Balsa Plantabal cu 43.73 milioane de dolari. In 2019, sectorul forestier a contribuit la PIB cu
1.04%.

Concluzii: Acest studiu furnizeazi o descriere generalil cu privire la pidurile si sectorul forestier din Ecuador
precum si cu privire la contributia acestuia la economia tarii. Utilizarea curentd intensivd a padurilor poate sid conduci
la probleme pentru sector, motiv pentru care trebuie luate masuri prompte. In ultimii ani s-a inregistrat o crestere a
sectorului de exploatare a lemnului care a si provocat provocdri insemnate legate de imbundtitirea activititii.

Cuvinte cheie: Produs Intern Brut, economie forestierd, 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
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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.
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APPENDIX
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EXTENDED ABSTRACT - REZUMAT EXTINS

Titlu: Rolul resurselor forestiere si utilizarea acestora in Ecuador

Introducere: Identificarea beneficiilor generare de pdduri necesitd evaluarea drepturilor, obligatiilor,
stimulentelor si restrictiilor care promoveazi o administrare mai bund a pddurilor. Bencficiile relationate cu starea
padurilor si nivelul veniturilor trebuie percepute la un acelasi nivel de importantd de citre toti actorii din sector. In
ultimele doud decenii, relatia dintre utilizarea si protectia padurilor a evoluat prin incorporarea unor indicatori consacrati
pentru masurarea si urmdrirea starii si diversititii biologice a padurilor. Avdnd in vedere ci cea mai mare diversitate se
regdseste in ecosistemele tropicale, existd un mare potential pentru generarea de produse lemnoase si produse accesorii.
Cunoagterea realitatii cu privire la aceste resurse forestiere este importantd in managementul forestier pentru cid permite
dezvoltarea de analize de naturd legald, productivd si economicid pentru identificarea eventualelor beneficii si a
potentialului de utilizare a acestora. Pe aceastd directie, lucrarea de fati realizeazdl o sintezi cu privire la managementul
forestier si utilizarea resurselor forestiere in Ecuador.

Materiale i metode: Informatiile cu privire la managementul si utilizarea resurselor forestiere in Ecuador au
fost colectate din articole stimmtifice T limba englezd si spaniold precum si din alte surse cum ar fi planurile de
management, informatii ficiale emise de guvern si alte organizatii. Ciutarea informatiei s-a realizat prin folosirea unor
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cuvinte cheie cum ar fi ,,management forestier sustenabil”, ,,produse lemnoase”, ,produse accesorii”, guvernanti
forestierd” si , resurse forestiere”. Prelucrarea informatiei a avut la bazd analize cantitative si calitative cu privire la
tematicile abordate: i) cadrul legal cu privire la managementul si utilizarea resurselor naturale, ii) utilizarea resurselor
forestiere §i iii) perspectiva economicd.

Rezultate si discutii: Principalele directii identificate au fost i) cadrul legal pentru utilizarea resurselor
forestiere, ii) cadrul legal pentru combaterea tdierilor ilegale si iii) conservarea si ameliorarea ecologicd. Interesele
sectorului industrial sunt directionate citre productivitate i calitate. Situatia indicd faptul ci aspecte precum
stimulentele financiare i fiscale pentru utilizarea resurselor forestiere ar putea fi benefice in scopul promovirii de politici
care contribuie in acelagi timp atdt la controlul si monitorizarea activitatilor cdt si la practici de management sustenabil.
Avdnd in vedere cresterea progresivd a cererii pentru resurse forestiere, Ecuadorul a dezvoltat actiuni pentru controlul
si monitorizarea fluxului de lenn in lantul de custodii. In acest context, una dintre initiativele principale este certificaren
forestierd a cirei scop este sd protejeze si sd creascd valoarea economicd a resurselor. Pe de altd parte, in balanta comerciali
forestierd a Ecuadorului domind exportul de produse ale prelucririi lemnului si a altor produse finite si semifinite.
Contributia economiicd a resurselor forestiere la economia nafionald este o consecintd a politicilor aplicate pentru
exploatarea si conservarea resurselor. De exemplu, in economia autohtond preturile de piatd pentru produsele forestiere
sunt direct relationate cu utilizarea resurselor, echipamentelor, infrastructurii precum si cu numdrul de locuri de munci
in sectorul productiv. Ca atare, politica economicd forestierd a tirii este influentatd de factori precum: i) acordurile
internationale pentru import si export, ii) folosinta teritoriului gi iii) conditiile resurselor forestiere.

Concluzii: Conceptele si aborddrile descrise pentru rolul si utilizarea resurselor forestiere tn Ecuador sunt
relationate atdt cu exploatarea cdt si cu conservarea resurselor. Interesele industriilor sunt concentrate pe productivitate
si calitate in timp ce guuernul prioritizeazd politicile de control forestier, acordurile internationale pentru importuri si
exporturi, legile pentru utilizarea terenurilor, managementul pdadurilor naturale, reimpddurirea si evaluarea stirii
resurselor forestiere. Una dintre initiativele autoritatilor din Ecuador este certificarea forestierd care are ca scop cresterea
valorii economice si asigurarea de practici forestiere sustenabile. Pentru cresterea gradului de participare pe pietele
internationale, sectorul forestier trebuie si aibd in vedere potentialul utilizdrii produselor forestiere accesorii.

Cuvinte cheie: Management forestier, produse lemnoase, produse accesorii, utilizarea padurilor, Ecuador.
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