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Abstract
Half of the territory in Rio de Janeiro (RJ) state is composed of degraded areas. This work evaluated the profile, 
distribution, and production capacity of plant nurseries in RJ which produce forest seedlings, as well as their 
species’ richness. The potential to meet the increased demand arising from environmental commitments in different 
hydrographic regions was also analyzed. We identified 81 active forest seedling nurseries and 73 of them participated 
in our interview, by adopting a regional survey. Nearly one-third of the nurseries closed down in this region in the last 
decade. A high richness of species in the nurseries (977 species, 99 native species/nursery) was found, representing 
22% of the regional flora. Most of this species’ richness is exclusively produced by small nurseries. The current 
production of the nurseries is capable of supplying less than 1% of the potential demand for seedlings for restoring 
priority watershed areas in the state.
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1. INTRODUCTION AND OBJECTIVES

The UN Decade on Ecosystem Restoration started in 2021 
and intends to restore 350 million hectares by 2030 (UNEP, 
2019). A goal to restore 15 million hectares of degraded lands 
in the Atlantic Forest region in Brazil by 2050 was established 
in international and national agreements (Crouzeilles et 
al., 2019). Restoring forests increases carbon storage and 
prevents greenhouse gas emissions, playing an important role 
in mitigating climate change (Griscom et al., 2017). Planting 
seedlings is undoubtedly the most widespread method among 
those used to ecologically restore tropical forests, although it 
is more expensive than other restoration techniques (Uriarte 
& Chazdon, 2016; Pérez et al., 2019; Raupp et al., 2020). It 
is essential that projects strike a balance between ecological 
and social objectives to maximize the benefits of tree planting 

(Holl & Brancalion, 2020). Otherwise, the social factors that 
originally caused deforestation will not mitigate climate change 
because those same factors will destroy planted forests or shift 
ecosystem destruction elsewhere (Fleischman et al., 2020).

The availability of seeds and seedlings is an important 
bottleneck and not only a great challenge for the forest 
restoration supply chain in Brazil, but also in other countries 
(Smith et al., 2007; Dedefo et al., 2017; Silva et al., 2017; Urzedo 
et al., 2020; León-Lobos et al., 2020; Atkinson et al., 2021). It 
is recommended that the propagation material used to restore 
degraded areas is of good quality, using locally collected seeds 
with some genetic diversity (Vander Mijnsbrugge et al., 2010; 
Bischoff et al., 2010; St. Clair et al., 2020). However, restoration 
projects cover a limited diversity of native species, which 
added to the lack of genetic diversity of propagation material 
constitute critical aspects for the resilience of restoration 
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plantations (Jalonen et al., 2018; León-Lobos et al., 2020; 
Atkinson et al., 2021).

Not all biomes in Brazil have enough nurseries to meet 
the demands of restoration, with the risk of using native 
species from few biogeographic regions in a much broader 
and ecologically diverse area (Silva et al., 2017). Although 
nurseries in the Atlantic Forest region can meet a growing 
demand for seedlings in relation to other biomes in Brazil, 
the problem is that the lack of seed supply and qualified labor 
can hamper market growth (Silva et al., 2017). The availability 
of seeds and seedlings is particularly challenging in Rio de 
Janeiro state, which has half of its territory transformed 
into pastures and needs to restore 1/5 of the territory to 
protect the water supply networks (INEA, 2018). Thus, it 
established the subnational goal of restoring 440 thousand 
hectares of degraded lands by 2050 at COP26 meeting (O 
Fluminense, 2021). 

The present work aims to evaluate the productive potential 
of the seedling nurseries in Rio de Janeiro state in order 
to meet the demands of forest restoration, verifying the 
nurseries’ profiles (size, administrative category), the regional 
distribution, the diversity of species produced, the production 
systems, and the origin of seeds. We compared the results 
of this diagnosis with the last diagnosis carried out in 2010 
(SEA, 2010; Alonso et al., 2014), and then we evaluated the 
evolution of the productive sector in the last 10 years. The 
study will make it possible to identify the main bottlenecks 
and challenges to form a well-structured production chain 
which represents the inherent diversity of natural ecosystems 
typical of tropical regions.

2. MATERIALS AND METHODS

The study was developed from diagnosing nurseries that 
produce forest seedlings in Rio de Janeiro (RJ) state in Brasil, 
carried out from July 2018 to July 2020. Forest nurseries 
were considered to be those that produce with a focus for 
environmental restoration projects. In this survey, ornamental 
plant nurseries were excluded when their production was 
concentrated on some native seedlings for afforestation 
and landscaping projects. We started from an initial list of 
70 forest nurseries surveyed in the 2010 diagnosis (SEA, 
2010). Nurseries which started their activities after 2010 
were added to this list using the snowball methodology 
(Etikan et al., 2015), as were the nurseries registered on 
the website of the Ministry of Agriculture, Livestock and 
Supply (MAPA).

Once the nurseries were listed, contact was made by 
email, telephone or technical visit for evaluation and to 
apply a standard, semi-structured questionnaire containing 

69 topics (Appendix 1). The nursery mapping was based on 
the geographical coordinates provided by each producer or 
by searching Google maps for the informed addresses. The 
number of nurseries by municipality and by hydrographic 
region (CERHI, 2013) of the State of RJ were tallied. 

The nurseries were classified by their administrative 
category (private, public or NGO) and size: small nurseries 
(<10,000 seedlings.year-1), medium-small nurseries (10,001-
50,000 seedlings.year-1), medium nurseries (50,001-100,000 
seedlings.year-1), medium-large nurseries (100,001-300,000 
seedlings.year-1), and large nurseries (above 300,001 seedlings.
year-1), using the methodology adapted from SEA (2010) 
and Vidal & Rodrigues (2019).  

The productive capacity of the nurseries was evaluated 
through the actual production (total amount of seedlings 
produced per year, considering the average of seedlings 
produced in the last 3 years) and potential seedling production 
(total amount of seedlings that the nursery would be able to 
produce per year). These parameters considered native and 
exotic forest species seedlings. The annual production of 
seedlings for the nurseries which did not answer this question 
was estimated based on the average of the other nurseries. 
We evaluated the total productive capacity of nurseries for RJ 
state and for each hydrografic region, size and administrative 
category of nursery.

The species’ richness of produced in each nursery was 
analyzed from the list of species provided by them. Only the 
shrub or tree species from the species list in each nursery were 
selected, excluding the climbing plants (vines), pteridophytes, 
vines, epiphytes and herbs. The selection of the size of the 
species took into account the initiatives in the state territory 
of active restoration in which only shrub and arboreal species 
are almost entirely used. A database with information on each 
tree or shrub species was created, including: a) scientific name, 
synonyms and family; b) plant habit, natural distribution 
(biomes, states and forest typologies) (both obtained from 
Flora do Brasil (Brasil, 2020), status conservation (threatened, 
near threatened, least concern, not available, deficient in 
data) from Flora do Brasil (Brasil, 2020) and Brasil (2022); 
c) endemic degree (to the country, the biome or the State) 
(Martinelli et al., 2018); d) sucessional stage (pioneer, early 
secondary or late secondary) from Gandolfi (1995); and the 
seed dispersal syndrome (anemochory, zoochory, autochory), 
based on published  papers for each species.

Then, the following parameters were calculated considering 
native and exotic forest species, separately and together: total 
number of species, average species richness (average number 
of different species produced) and the total number of unique 
species. These parameters were analyzed for each Hydrographic 
Region, size class and administrative categories of nurseries. 
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Next, we used the Generalized Linear Model (GLM) with 
negative binomial distribution, with the log link function 
significantly adjusted to the average richness data to compare 
the average species richness of the nurseries in the different 
hydrographic regions. The significances between the regions 
were verified by the Chi-Squared test (X²) using the deviance 
analysis (ANODEV). The means estimated by the negative 
binomial model were compared by pair-by-pair contrast at 
5% probability. We used analysis of variance (ANOVA) and 
the means were compared by the Scott Knott method to 
compare mean species richness between different sizes and 
administrative categories of nurseries, with a significance 
level of 5%. All statistical analyzes were performed using the 
R software program (R CORE TEAM, 2021).

We considered the Areas of Interest for the Protection and 
Recovery of Hydrographic Basins (AIPMs) with high and 
very high priorities, as presented by the INEA study (2018), 
to estimate the amount of seedlings required for restoration 
in the State of RJ and for hydrographic region. For these 
areas, we considered planting 50% by active restoration, 
using 2,500 seedlings per hectare (2m x 2m spacing), based 
on the methodology proposed by Urzedo (2020).

3. RESULTS AND DISCUSSION

The analysis of the forest tree seedlings production in f RJ 
state revealed that important changes have occurred in the 
last decade. A total of 35 nurseries from the 120 identified in 
the present study are deactivated, most of them private ones 
(27), representing a 29% retraction of the sector. Moreover, 
81 are active, with 31 (38%) belonging to the private sector, 48 

(59%) to public agencies and 2 (3%) to the tertiary sector. No 
information was obtained for 4 of them (3%). Of the 81 active 
nurseries, 73 (90%) responded to the interview (Appendix 2).

This retraction in the productive sector of seedlings in RJ 
in the last 10 years is associated with a sequence of opening 
and closing private nurseries while the public sector remained 
more stable. As a result, the present work reveals an increase 
in public nurseries compared to the last diagnosis when 51% 
of the nurseries were public, 43% private and 7% belonged 
to NGOs (SEA, 2010). Considering that private nurseries 
rely on a constant demand for seedlings, this fluctuation in 
the proportion of public and private nurseries may reflect a 
lack of specific public policies which make the supply chain 
of forest restoration feasible. This condition weakens the 
private productive system of seedlings of native species and 
the restoration itself due to the inconsistency of local and 
national political processes (Urzedo et al., 2019). 

Half of the municipalities do not have seedling supply 
infrastructure. The Guandu and Baía de Guanabara 
Hydrographic Regions (HRs) have the largest number of 
nurseries in the different HRs of the State with 15 and 20 
nurseries, respectively, concentrating 43% of the nurseries 
and more than half of the quantity of seedlings produced in 
RJ state (Figure 1; Table 1).

The third region with the highest number of nurseries was 
the Baixo Paraíba do Sul - Itabapoana HR (n=13). This HR 
has the largest territorial extension and the smallest vegetation 
cover (16%) (Figure 1; Table 1), so this region continues to 
be proportionally poorly served even considering the high 
number of nurseries, and has the lowest density of nurseries 
per total area (9.63 nurseries.mHa-1).

Figure 1. Distribution of active nurseries of forest species in the Hydrographic Regions of Rio de Janeiro state.
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Table 1. Number of active nurseries by hydrographic region (HR) in two periods (2010 and 2020), percentage of vegetation cover, area 
(hectares) and density of nurseries (in number of nurseries per million hectares) in Rio de Janeiro state.

HR
ID

HR
 Name

HR Total 
area (ha)1

HR 
vegetation 
cover(%)

Priority 
areas for 

restoration 
(ha)1

Number 
of 

nurseries 
2010*

Number 
of 

nurseries 
2020**

Number 
nurseries/ 
area (Mha)

Amount of 
seedlings 
produced.

year-1

Total 
production 

capacity.year-1

Demand for 
seedlings 

for 
restoration1

HR - I Baía da Ilha 
Grande

175,731 86.2 162 2 2 11.38 15,000 (n=1)*** 100,000 (n=1) 202,500

HR - II Guandu 371,374 41.7 81,008 17 15 40.42 898,038 (n=13) 1,944,000 (n=19) 101,260,000
HR - III Médio 

Paraíba do 
Sul

642,827 29.9 145,326 12 8 12.45 440,802 (n=8) 888,000 (n=10) 181,657,500

HR - IV Piabanha 345,932 49.9 111,345 2 7 20.23 162,500 (n=7) 360,500 (n=6) 139,181,250
HR - V Baía de 

Guanabara
481,377 39.1 38,855 13 20 41.54 1,399,648 (n=16) 2,083,000 (n=9) 48,568,750

HR - VI Lagos São 
João

365,080 29.4 46,137 4 7 19.15 522,085 (n=7) 1,580,000 (n=7) 57,671,250

HR - VII Rio Dois Rios 446,211 39.3 142,605 5 7 15.67 242,500 (n=6) 291,000 (n=5) 178,256,250
HR - VIII Macaé e Rio 

das Ostras
201,299 41.9 21,983 4 2 9.92 1,000 (n=1) 50,000 (n=2) 27,478,750

HR - IX Baixo Paraíba 
do Sul e 

Itabapoana

1,346,689 16.2 209,069 11 13 9.63 571,250 (n=12) 2,333,000 (n=12) 261,336,250

Total 4,376,663 32.9 796,490 70 81 18.49 4,252,824 (71) 9,629,500 995,612,541
CV - - - - 66.43 69.85 96.22 89.73 77.63

Sources: 1 Areas of Interest for Watershed Protection and Recovery (AIPMs), considering high and very high priorities (INEA, 2018); * SEA (2010); ** this work; 
Mha – million hectares; *** in parentheses the number of sampled nurseries.

3.1. Productive capacity

The average annual quantity of forest seedlings produced per 
nursery is 59,899 ± 89,344 seedlings. Although small nurseries 
are numerous (n=24; 30%), they only contribute to 3% of the 
seedlings produced in the state (Figure 2). Most of them are 
public (n=17), but some are private (n=6) or run by NGOs 
(n=1) - Table 2. Small nurseries also predominate (<10,000 
seedlings/year) in Amazonas state and make up 36% of the 
total number of sampled nurseries (Marques et al., 2022). The 
authors suggest that this is related to low demand for native 
species, which is caused by socioeconomic, technical-scientific 
and political bottlenecks. The predominance of nurseries 
(60%) with small-scale production (<50,000 seedlings per 
year) in RJ (Figure 2) and in Amazonas states (Marques et 
al., 2022) contrast what was observed in São Paulo, where 
large (> 500,000 seedlings) and medium-large nurseries are 
the majority (100,000 to 499,000 seedlings.year-1) across all 
categories from public to private nurseries (Vidal et al., 2019). 

The different forest seedling production systems between 
Brazilian states result from social and political factors that 

influence the restoration economy in a particular region. In 
São Paulo state, a robust forestry industry was historically 
established by significant multi-sector investiments and 
substantial scientific and technological developmetns (Mora 
& Garcia, 2000). In addition and more recently, a regional 
coalition between multiple stakeholders mobilized the Pact 
for the Restoration of the Atlantic Forest that influence the 
wide adoption of tree seedling planting techniques aligned 
with the economic interests of large private nurseries (Urzedo 
et al., 2020). 

The seedlings production was estimated at 4,851,814 
seedlings.year-1 in RJ state, corresponding to 44% of the annual 
installed capacity, estimated at 10,955,770 seedlings per year. 
These values have not changed much in 10 years, since the 
installed production capacity of approximately 10,655,000 
seedlings per year was observed in the previous diagnosis 
(SEA, 2010). The annual number of seedlings produced by 
RJ state corresponds to 0.5% of the estimated demand for 
seedlings for active restoration of 50% of priority areas for 
the protection of public water sources, estimated at 796,490 
hectares or 995,612,500 seedlings (Table 1).
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Table 2. The average number of seedlings produced per year per nursery according to their size category and administrative category 
considering the interviewed active nurseries that produce forest species in Rio de Janeiro state. *Estimation based on the average number 
of seedlings per nursery.

ADMINISTRATIVE CATEGORY (SECTOR)

PRIVATE PUBLIC NGO TOTAL

SIZE CATEGORY no. Production no. Production no. Production no. Production
Large nurseries 1 323,717 1 508,140 - - 2  831,857
Medium-large nurseries 3 670,000 7 1,140,175 0 - 10 1,810,175
Medium nurseries 4 318,831 6 440,428 1 63,667 11 822,926
Medium-small nurseries 13 371,798 11 256,612 0 - 24 628,410
Small nurseries 6 43,500 17 111,956 1 4,000 24 159,456
SUB TOTAL 27 1,727,846 42 2,457,311 2 67,667 71 4,252,824
Not informed 4 - 6 - - - 10 598,990*
TOTAL 31 48 2 81 4,851,814
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Figure 2. Percentage of active nurseries (n = 81) in Rio de Janeiro state according to their size category and their contribution to the total 
quantity of seedlings produced. No info: production estimated based on the annual average of all the nurseries.

The reason for the low production in the nurseries could 
be the same as the closing of private nurseries: the poor 
economic return, since only 14% of the nurseries interviewed 
affirm that the nursery achieved the expected profit. The 
main bottlenecks pointed out in seedling production were 
low profitability, high production costs, and the difficulty of 
selling seedlings. Marques et al (2022) also observed annual 
production of all nurseries below maximum capacity in 
Amazonas state. The authors estimated the native seedlings 
production of 1,258,600 seedlings in 2018, which could be 
increased by up to seven times (9.7 million seedlings year-1). 
The most significant business and trade difficulty for all 
producers was the generally low demand for their products, 
and specifically for native tree species. Other complaints were 

volatile demand, as the preference for species changes over 
time; and the informality of business, as consumer requests 
are often spontaneous and not linked to contracts, which 
makes planning difficult and generates financial insecurity.

The role of the environmental policies and legislation in 
the restoration supply chain must be addressed in order to 
understand what problems may be affecting this demand. 
The approval of the Native Vegetation Protection Law (Law 
no. 12.651/2012), despite  made the georeferenced registration 
of all rural properties in the country mandatory through 
the Rural Environmental Registry (CAR), created legal 
uncertainty and reduced the demand for restoration at the 
national level (Guidotti et al., 2020; Magano et al., 2021). 
Moreover, there was no law enforcement 10 years after its 
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approval (Pacheco et al., 2021).  Successive postponements, 
and finally the Law 13,887/2019, which made enrollment 
in the CAR mandatory for an indefinite period for all rural 
properties and possessions, frustrated the expectations of the 
productive sector of seeds and seedlings, causing its retraction 
(Brasil, 2019; Chiavari & Lopes, 2019; Vidal et al., 2019). In 
this study, we identified that, in practice, this represents a 
reduced potential demand of at least 353,980,000 seedlings to 
actively restore half of the 283,184 hectares of environmental 
liabilities in 55,421 rural properties registered in the Rural 
Environmental Registry System (SISCAR) in RJ state. This 
liability corresponds to 6.5% of the state’s territory, most of 
which is for legal reserve restoration (60.1%), followed by 
riparian forests and springs (22.3%) and slope areas (17.5%), 
according to SISCAR data in September/2021.

If, on the one hand, there were no significant progress 
with the implementation of National Plan for the Recovery 
of Native Vegetation (“PLANAVEG”) at the federal level 
(MMA, 2017), on the other hand, important advances can 
be observed in the state’s environmental policy. Among these 
political instruments, there were the consolidation of the 
domestic forest restoration legislations (Law no. 8.538/2019), 
the realization of the Forest Inventory (SFB, 2018), and the 
pioneering survey of endemic species (Martinelli et al., 
2018). Finally, success in the application and execution of the 
environmental compensation resource model developed by 
the Secretary of Environment and Sustainability of RJ, called 
Fundo Mata Atlantica (Teixeira, 2018). 

3.2. Origin of seeds

Most nurseries (96%) collect their own seeds, and it is the 
only source of seeds for 52% of them. Other ways of acquiring 
the seeds are by purchasing (17%), from donations (32%) 
or by exchange (14%). Most nurseries mark mother trees 
for seed collection (61%). The seeds can be collected from 
remnants of the region (82%), in urban arborization (62%), in 
Protected Areas (60%), in trees outside the forest (pastures) 
(51%) or isolated trees (22%).  However, seed collection from 
isolated trees and from urban arborization is not technically 
recommended (Vander Mijnsbrugge et al., 2010; Bischoff et 
al., 2010; St. Clair et al., 2020). The genetic diversity of the 
species used in restoration projects is essential to promote the 
stability of environmental services and allow its adaptation 
and resistance over time (Reynolds et al., 2012). The use of 
seeds from isolated trees or populations of restricted size 
tends to reduce genetic diversity (Sebbenn et al., 2011) and 
does not meet one of the main rules for collecting seeds for 
restoration (Vander Mijnsbrugge et al., 2010; Kashimshetty 

et al., 2017), indicating potential genetic quality problems in 
a significant portion of the material produced.

The lack of seeds was the second most cited problem by 
nurseries (18%), second only to labor difficulties (24%), being 
considered an important bottleneck in seedling production. 
Forest restoration projects and nurseries around the world 
face similar challenges related to the difficulty of acquiring 
seeds (Nyoka et al, 2015; Dedefo et al., 2017; Jalonen et al, 
2018). The scarcity of seeds in Brazil can be explained by the 
lack of public investment (Urzedo et al., 2020).  Although 
Brazil has more than 50,000 species recognized by the Flora of 
Brazil (Brasil, 2020), national forestry programs have actively 
invested in a few exotic species for the production of wood, 
paper and cellulose. Two decades ago, the federal government 
financed the creation of seed networks in Brazilian biomes. 
However, most of these networks fragmented after the end 
of national investments because these initiatives were not 
able to develop commercial schemes (Urzedo et al., 2020).

3.3. Species richness

A total of 977 forest species were identified (shrubs 
and trees) being produced in 46 nurseries that shared their 
species list, which corresponds to 63% of the active nurseries 
interviewed. This value is higher than that found in São Paulo 
(n=687 in 54 nurseries) (Vidal et al., 2019), and for that 
found in the last diagnosis carried out in RJ state (n=277 in 
9 nurseries) (Alonso et al., 2014). In performing an analysis 
for the native forest species produced, we observed that 539 
(55%) of the total species are native to the Atlantic Forest in  
RJ state. If native species of the Atlantic Forest are considered, 
regardless of their natural occurrence in RJ state, 673 (69%) 
species were found. About 107 (11%) species were native to 
other biomes and 197 (20%) were exotic, meaning that they 
are originally from other countries.

The number of species found in the nurseries represents 
22% of the total number of trees and shrub species native 
to the Atlantic Forest of the state, estimated at 2,485 forest 
species (Brasil, 2020). From the 248 endemic tree/shrub 
species of the Atlantic Forest in RJ state (Martinelli et al., 
2018), only ten (4%) are produced by the nurseries in the 
state. Furthermore, 34 of the threatened species of the Atlantic 
Forest are produced in the nurseries, which represents 1% of 
the 3,209 threatened species of Brasil, considering all growth 
habits (Brasil, 2022). Limitations in native tree seedling supply 
could lead to a homogenization of restored areas with few 
widespread species dominating (Silva et al., 2017), and loss of 
local biodiversity, including endemic and threatened species. 
Although the species richness produced by the nurseries 
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have increased in the past years, and represents one of the 
greatest in Brazil, it is still very low compared to the diversity 
found in the Atlantic forest, considered one of the World’s 
hotspots (Myers et al., 2000).

 Of the 539 native forest species produced in RJ state, 
34 species (6%) are considered threatened (vulnerable or 
endangered), 6 species (1%) are near threatened, 2 species 
(0.4%) are deficient in data and the vast majority of 395 species 
(73%) were not evaluated. Considering the high number of 
unassessed species, the number of threatened species should 
increase significantly. Most of the native forest species produced 
are late secondary and zoochoric regarding the successional 
stage and the seed dispersal syndrome (Figure 3). 

An average number of native florest species produced per 
nursery was estimated at 99 ± 54 species. This value is much 
higher than that observed 10 years ago (n = 56) (SEA, 2010), 
or even compared to the national average (n = 64) (Silva et al., 
2017), or found in nurseries in other countries (Nyoka et al., 
2014). This average rises to 136 ± 82 species per nursery if the 
total number of species is included, not just the native ones.

This richness significantly varies when nursery size 
categories are considered. Medium and medium-large 
nurseries produce a larger number of species on average 
than the small, medium-small and large nurseries. The 
average species’ richness of seedlings produced practically 
did not vary among the different sectors of nurseries or 
among HR (Table 3).

However, the average species’ richness may not reflect the 
contribution of each nursery size category to the total species 
richness. This is because nurseries can produce a great number 
of similar species, thus not representing regional diversity. 
We can observe that the small nurseries produce 577 of the 
977 species produced by all nurseries. Therefore, despite 
having a low average species’ richness individually, together 
the small nurseries contribute more to the total diversity of 
species produced than the other size categories (Table 3). Of 
the 577 species produced by small nurseries, almost half of 
them (n = 271) are exclusive to this category, meaning they 
are not produced by any other nursery belonging to another 
category (Table 3).

Figure 3. Profile of the 539 native forest species, considering only those, produced by nurseries in Rio de Janeiro state, according to status 
conservation (A), sucessional stage (B) and seed dispersal syndrome (C).
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Table 3. Contribution of each hydrographical region, size category and sector of the nursery to the species’ richness of seedlings produced 
in the State of Rio de Janeiro. 

 ID No. of sampled 
nurseries

Total 
Richness

Average 
richness

Exclusive 
Species

Total Spp Native 
Spp

Total 
Spp

Native
 Spp

Total 
Spp

Native 
Spp

H
Y

D
RO

G
R

A
PH

IC
 R

EG
IO

N

I 0  -  - -  -

II 11 595 275 128 ab 90ab 46 35

III 3 258 213 117 ab 100ab 46 49

IV 4 508 261 156 ab 90ab 214 150

V 12 781 359 171 a 128ª 87 97

VI 5 190 176 125 ab 120ab 14 19

VII 4 329 204 170 ab 108b 17 27

VIII 0 - - - - - -

IX 7 342 220 72 b 48b 21 29

SI
ZE

 C
AT

EG
O

RY Large 2 273 202 174 ab 135ª 8 7

Medium-large 9 415 288 190 a 128ª 46 28

Medium 9 493 339 186 a 140ª 43 40

Medium-small 12 544 366 128 ab 106ª 64 52

Small 14 577 277 70 b 41b 271 59

SE
C

TO
R Public 25 641 376 160 a 109ª 239 103

Private 19 695 402 108 a 92ª 313 127

NGO 2 190 167 103 a 86ª 24 22

Averages followed by the same letter do not differ according to the Scott Knott Test at a 5% significance level to size category and sector. For HR the significances 
between the regions were verified by the Chi-Squared test (X²) using the deviance analysis (ANODEV).

4. CONCLUSIONS

A great richness of species produced in the nurseries was 
observed in the study of the forest seedling production for 
restoration in Rio de Janeiro state, with a large contribution 
of small nurseries (<10,000 seedlings) in this biodiversity. 
Although this richness has increased in the last decade and is 
the highest ever recorded in other nursery diagnoses carried 
out in Brazil, it still includes little diversity of the Atlantic 
Forest of RJ state (22%), with low incorporation of endemic 
and threatened plant species (<5%). Nurseries reported 
mostly difficulties in availability of seeds (18%) and labor 
(24%) to operate their supply systems. Another important 
bottleneck is the sale of seedlings, due to low demands, high 
production costs and low profitability. The sector suffered a 
retraction of 30% in the last ten years, mainly experienced 
by private nurseries. The nurseries produce less than 50% of 
the state’s potential capacity, estimated at almost 11 million 
seedlings. The number of seedlings produced by the nurseries 
does not meet 1% of the potential demand for restoration of 
only priority areas in the state, which is insufficient to meet 
current environmental legislation. In order for nurseries to 

support the expected growth in demand for forest restoration 
projects with a diverse range of suitable species adapted to 
local conditions and able to persist in a changing climate, 
it is essential that government effectively implements 
environmental legislation, especially Protection of Native 
Vegetation Law (Law No. 12,651/2012), thereby generating 
permanent incentives for the sector.

ACKNOWLEDGEMENTS
We thank the nurserymen who answered the questionnaire 
and contributed to the research, especially Zuleica Moreira, 
Marina Figueiras, Gustavo Wyse. We thank our colleague 
Jorge Alonso and Luiz Fernando Duarte de Moraes for their 
contributions to the work. To Janaína for the statistical analysis 
and to Carlos Henrique Reif and Christopher J. Quinn for the 
translation. To the reviewers of Revista Floram who greatly 
contributed to the improvement of the work.

SUBMISSION STATUS 
Received: 8 Jul. 2021
Accepted: 6 Aug. 2022
Associate editor: Geângelo Calvi 

http://orcid.org/0000-0002-8631-2325


Forest Seedlings Supply for...

Floresta e Ambiente 2022; 29(3): e20210058 9

9 - 10

CORRESPONDENCE TO
Juliana Müller Freire
BR 465, km 07, CEP 23891-000, Seropédica, RJ, Brasil
e-mail: juliana.muller@embrapa.br 

AUTHORS’ CONTRIBUTIONS
Juliana Müller Freire: Conceptualization (Lead), Data curation 
(Lead), Formal analysis (Lead), Funding acquisition (Lead), 
Investigation (Lead), Methodology (Lead), Project administration 
(Lead), Resources (Lead), Supervision (Lead), Validation (Lead), 
Writing – original draft (Lead), Writing – review & editing (Lead).
Iara Sabato Romano: data curation (Supporting), Formal analysis 
(Supporting), Investigation (Supporting), Methodology (Supporting), 
Validation (Supporting), Writing – original draft (Supporting).
Maria Vitória dos Santos Careli de Souza: data curation (Supporting), 
Formal analysis (Supporting), Investigation (Supporting), Methodology 
(Supporting), Software (Supporting), Validation (Supporting), 
Writing – original draft (Supporting).
Ana Cristina Siewert Garofolo: conceptualization (Equal), Funding 
acquisition (Equal), Investigation (Equal), Methodology (Equal), 
Supervision (Equal), Validation (Equal), Visualization (Equal), 
Writing – original draft (Equal), Writing – review & editing (Equal).
Telmo Borges Silveira Filho: conceptualization (Equal), Data 
curation (Equal), Formal analysis (Equal), Methodology (Equal), 
Project administration (Equal), Resources (Equal), Supervision 
(Equal), Visualization (Equal), Writing – original draft (Equal), 
Writing – review & editing (Equal).

SUPPLEMENTARY MATERIAL
The following online material is available for this article:
Annex 1 - Questionnaire.
Appendix 2 - List and contact of the nurseries interviewed in the survey.

REFERENCES

Alonso JM, dos Leles PSS, Silveira Filho TB, Mesquita CAB, Pereira 
ML, de Sales Junior JAS et al. Avaliação da diversidade de espécies 
nativas produzidas nos viveiros florestais do estado do Rio de 
Janeiro. Floresta 2014; 44(3): 369-380.

Atkinson RJ, Thomas E, Roscioli F, Cornelius JP, Zamora-Cristales 
R, Franco Chuaire M, ... & Kettle C. Seeding resilient restoration: 
An indicator system for the analysis of tree seed systems. Diversity 
2021; 13(8): 367.

Bischoff A, Steinger T, Müller‐Schärer H. The importance of plant 
provenance and genotypic diversity of seed material used for 
ecological restoration. Restoration ecology, 2010; 18(3), 338-348.

Brasil, Flora. Flora do Brasil. 2020. Jardim Botânico do Rio de Janeiro. 
[cited 2021 abr. 4]. Available from: http://floradobrasil. jbrj. gov. br/.

Brasil. Lei nº 13.887, de 17 de outubro de 2019. Altera a Lei nº 12.651, 
de 25 de maio de 2012, que dispõe sobre a proteção da vegetação 
nativa e dá outras providências. [cited 2022 abr. 4]. Available at 
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2019/Lei/
L13887.htm#art1

Brasil. Portaria MMA nº 148, de 7 de junho de 2022. Altera os 
Anexos da Portaria nº 443, de 17 de dezembro de 2014, da Portaria 
nº 444, de 17 de dezembro de 2014, e da Portaria nº 445, de 17 de 
dezembro de 2014, referentes à atualização da Lista Nacional de 
Espécies Ameaçadas de Extinção. [cited 2022 jul. 6]. Available at 
https://www.in.gov.br/en/web/dou/-/portaria-mma-n-148-de-7-
de-junho-de-2022-406272733

CERHI. Resolução nº 107/2013. Aprova nova definição das regiões 
hidrográficas do Estado do Rio de Janeiro e revoga a Resolução 
CERHI n° 18 de 08 de novembro de 2006. [cited 2021 September. 1]. 
Available at http://www.inea.rj.gov.br/cs/groups/public/documents/
document/zwew/mdq4/~edisp/inea0048930.pdf 

Chiavari, J. & Lopes, C.L. Projeto de Lei de Conversão da MP 
884/2019 Inviabiliza a Regularização Ambiental de Propriedades 
Rurais.  [cited 2022 April 8]. Available at

https://www.climatepolicyinitiative.org/pt-br/publication/projeto-
de-lei-de-conversao-da-mp-884-2019-inviabiliza-a-regularizacao-
ambiental-de-propriedades-rurais/

Crouzeilles R, Santiami E, Rosa M, Pugliese L, Brancalion PH, 
Rodrigues RR et al. There is hope for achieving ambitious Atlantic 
Forest restoration commitments. Perspectives in Ecology and 
Conservation 2019; 17(2): 80-83.

Dedefo K, Derero A, Tesfaye Y, Muriuki J. Tree nursery and seed 
procurement characteristics influence on seedling quality in Oromia, 
Ethiopia. Forests, Trees and Livelihoods 2017; 26: 96– 110

Etikan I, Alkassim R, Abubakar S. Comparision of snowball sampling 
and sequential sampling technique. Biometrics & Biostatistics 
International Journal 2015; 3(1):6-7. 

Fleischman F, Basant S, Chhatre A, Coleman EA, Fischer HW, 
Gupta D, ... & Veldman JW. Pitfalls of tree planting show why 
we need people-centered natural climate solutions. BioScience 
2020; 70(11): 947-950.

Gandolfi S, Leitão Filho H de F, Bezerra CLF. Levantamento florístico 
e caráter sucessional das espécies arbustivo-arbóreas de uma floresta 
mesófila semidecídua no município de Guarulhos, SP. Revista 
Brasileira de Biologia 1995; 55(4): 753-767.

Griscom BW, Adams J, Ellis PW, Houghton RA, Lomax G, Miteva 
DA et al. Natural climate solutions. Proc. Natl. Acad. Sci. 2017; 
114: 11645–11650.

Guidotti V, de Barros Ferraz SF, Pinto LFG, Sparovek G, Taniwaki 
RH, Garcia LG & Brancalion PH. Changes in Brazil’s Forest Code 
can erode the potential of riparian buffers to supply watershed 
services. Land Use Policy 2020; 94: 104511.

Holl KD & Brancalion PH. Tree planting is not a simple 
solution. Science 2020; 368(6491), 580-581.

Instituto Estadual do Ambiente (RJ). 2018. Atlas dos mananciais 
de abastecimento público do Estado do Rio de Janeiro: subsídios 
ao planejamento e ordenamento territorial / Instituto Estadual do 
Ambiente; coordenação geral: Silvia Marie Ikemoto; coordenação 
executiva: Patrícia Rosa Martines Napoleão. – Rio de Janeiro; 2018

Jalonen R, Valette M, Boshier D, Duminil J & Thomas E. Forest and 
landscape restoration severely constrained by a lack of attention 
to the quantity and quality of tree seed: Insights from a global 
survey. Conservation Letters 2018; 11(4): e12424.



Floresta e Ambiente 2022; 29(3): e20210058

10 - 10 Freire JM, Romano IS, Souza MVSC, Garofolo ACS, Silveira Filho

10

Kashimshetty Y, Pelikan S, Rogstad SH. Effective seed harvesting 
strategies for the ex situ genetic diversity conservation of rare 
tropical tree populations. Biodiversity and Conservation 2017; 
26(6): 1311-1331.

León‐Lobos P, Bustamante‐Sánchez MA, Nelson CR, Alarcón D, 
Hasbún R, Way M, ... & Armesto JJ. Lack of adequate seed supply 
is a major bottleneck for effective ecosystem restoration in Chile: 
friendly amendment to Bannister et al. (2018). Restoration Ecology 
2020; 28(2): 277-281.

Magano DA, Carvalho IR, Hutra DJ, Loro MV, Tremea M, Bubans 
VE, ... & Jeronimo JA. Brazilian forest code: Advances and 
setbacks. Australian Journal of Crop Science 2021; 15(7): 965-969.

Marques MC, Calvi GP, Pritchard HW, Ferraz IDK. Behind the forest 
restoration scene: a socio-economic, technical-scientific and political 
snapshot in Amazonas, Brazil. Acta Amazonica 2022; 52: 1-12

Martinelli G, Martins E, Moraes M, Loyola R, Amaro R. Livro 
vermelho da flora endêmica do Estado do Rio de Janeiro. Organização 
Gustavo Martinelli. [et al.] . - Rio de Janeiro; 2018.

Ministério do Meio Ambiente. Brazil Planaveg: Plano Nacional de 
Recuperação da Vegetação Nativa; Ministério do Meio Ambiente: 
Brasília, Brazil, 2017; p. 76.

Mora, A. L., & Garcia, C. H. A cultura do eucalipto no Brasil. São 
Paulo: Sociedade Brasileira de Silvicultura, 2000. 111p.

Myers N, Mittermeier RA, Mittermeier CG, DA Fonseca GA, Kent 
J. Biodiversity hotspots for conservation priorities. Nature 2000; 
403: 853-858.

Nyoka BI, Roshetko J, Jamnadass R, Muriuki J, Kalinganire A, Lillesø 
JPB, ... & Cornelius J.. Tree seed and seedling supply systems: a 
review of the Asia, Africa and Latin America models. Small-scale 
Forestry 2015; 14(2): 171-191.

O Fluminense. 2021. [cited 2021 nov. 18]. Desafios ambientais 
do RJ pós COP-26. Available at https://ofluminense.com.br/
cidades/2021/11/1228562-desafios-ambientais-do-rj-pos-cop-26.html

Pacheco R, Rajão R, Van der Hoff R, & Soares-Filho B. Will farmers 
seek environmental regularization in the Amazon and how? Insights 
from the Rural Environmental Registry (CAR) questionnaires. Journal 
of Environmental Management 2021; 284: 112010. 

Pérez DR, González F, Ceballos C, Oneto ME, Aronson J. Direct 
seeding and outplantings in drylands of Argentinean Patagonia: 
estimated costs, and prospects for large‐scale restoration and 
rehabilitation. Restoration Ecology 2019; 27(5): 1105-1116.

Raupp PP, Ferreira MC, Alves M, Campos-Filho EM, Sartorelli 
PAR, Consolaro HN et al. Direct seeding reduces the costs of tree 
planting for forest and savanna restoration. Ecological Engineering 
2020; 148: 105788.

R Core Team (2021). R: A language and environment for statistical  
computing. R Foundation for Statistical Computing, Vienna, Austria. 
Available at: URL https://www.R-project.org/.

Reynolds LK, Mcglathery KJ, Waycott M. Genetic diversity enhances 
restoration success by augmenting ecosystem services. Plos one 
2012; 7(6): e38397.

SEA – Secretaria do Estado do Ambiente. 2010. Diagnóstico da 
produção de mudas de espécies nativas do estado do Rio de Janeiro. 
Relatório técnico, SEA, Rio de Janeiro, 63 p. [cited 2021 abr. 4]. 
Available at: http://www.rsc.org.br/files/legislacao/diagnostico_
mudas-RJ.pdf. 

Sebbenn AM, Carvalho ACM, Freitas MLM, Moraes SMB, Gaino 
APSC, Da Silva JM et al. Low levels of realized seed and pollen gene 
flow and strong spatial genetic structure in a small, isolated and 
fragmented population of the tropical tree Copaifera langsdorffii 
Desf. Heredity 2011; 106: 134–145.

SFB - Serviço Florestal Brasileiro. 2018. Inventário Florestal 
Nacional: Rio de Janeiro – principais resultados / Brasília, DF. 
MMA (Série Relatório Técnico IFN).

Silva AD, Schweizer D, Marques HR, Teixeira AC, Santos TVMN, 
Sambuichi RH et al. Can current native tree seedling production 
and infrastructure meet an increasing forest restoration demand 
in Brazil. Restoration Ecology 2017; 25(4): 509-515.

Smith SL, Sher AA, Grant ITA. Genetic diversity in restoration 
materials and the impacts of seed collection in Colorado’s restoration 
plant production industry. Restoration Ecology 2007; 15(3): 369-374.

St. Clair AB, Dunwiddie PW, Fant JB, Kaye TN, Kramer AT. Mixing 
source populations increases genetic diversity of restored rare plant 
populations. Restoration Ecology 2020; 28(3), 583-593.

Teixeira R. Compensações ambientais e o fundo Mata Atlântica / 
Raul Teixeira. – Rio de Janeiro: Lumen Juris; 2018.

UNEP (2019) United Nations Environment Programme. [cited 
2022 jul. 7]. Available at: https://www.unenvironment.org/news-
and-stories/press-release/new-un-decade-ecosystem-restoration-
offers-unparalleled-opportunity

Uriarte M, Chazdon RL. Incorporating natural regeneration in 
forest landscape restoration in tropical regions: synthesis and key 
research gaps. Biotropica 2016; 48(6): 915-924.

Urzedo DI, Fisher R, Piña-Rodrigues FCM, Freire JM, Junqueira 
RGP. How Policies Constrain Native Seed Supply for Restoration 
in Brazil. Restoration Ecology 2019; 27(4): 768-74.

Urzedo DID, Piña-Rodrigues F, Feltran-Barbieri R Junqueira RG, 
Fisher R. Seed networks for upscaling forest landscape restoration: 
is it possible to expand native plant sources in Brazil? Forests 2020; 
11(3):1-20.

Vander Mijnsbrugge K, Bischoff A, Smith BA. Question of origin: 
where and how to collect seed for ecological restoration. Basic and 
Applied Ecology 2010; 11(4): 300-311.

Vidal CY, Naves RP, Viani RAG, Rodrigues R.R. The restoration 
species pool for restoring tropical landscapes: assessment of the 
largest Brazilian supply chain. bioRxiv 2019; 568873. 

Vidal CY & Rodrigues RR. Restauração da diversidade: os viveiros 
do estado de São Paulo. 2019. Piracicaba: USP/Esalq. [cited 2021 jul. 
7]. Available at: https://www.esalq.usp.br/biblioteca/sites/default/
files/Restaura%C3%A7%C3%A3o_diversidade.pdf


	_heading=h.1fob9te

