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Abstract

In southwestern Europe, Portugal is the leading producer of cork in the world, supplying over 50% of global demand, which amounts to

approximately 200,000 tonnes each year. The country manages around 730,000 hectares of cork oak forests, making up about 30% of the world’s

cork oak area. The Portuguese cork industry is also the largest globally, generating annually over €1.2 billion out of an estimated €2.8 billion
(approximately USD 3.1 billion) in worldwide cork trade. Portugal holds nearly 70% of the premium wine closure market share with its natural cork
stoppers, dominating the natural cork trade worldwide. In the early 20th century, Portugal was concerned about emerging cork-producing countries

such as Russia, Japan, Argentina, Italy, and the United States, which were beginning to supply their own crushed and granulated cork. There was a

fear that these countries could start manufacturing competing stoppers made from mid- or low-grade raw cork, potentially undermining Portugal’s

natural cork trade. Nearly ninety years later, however, the threat seems to arise from within the system itself, as the country’s soils and climate are

progressively redirecting cork production from high-value natural cork towards lower-grade raw material intended for agglomerated products.
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Introduction

In the western Mediterranean Basin, evergreen cork oak (Quer-
cus suber L) woodlands are crucial for rural livelihoods. They pro-
vide a variety of essential ecosystem services and support a non-
wood bioeconomy that relies on the sustainable harvesting of cork
oak bark, the cork, which is the sixth most valuable non-timber for-
est product globally [1]. Cork is a biological material with a unique
honeycomb cellular structure, containing approximately 40 million
airtight cells per cm?. Each cork cell is a dead cell with an empty
lumen and thick, suberized cell walls. This cellular tissue serves as

@ 1’;@ This work is licensed under Creative Commons Attribution 4.0 License |W]ASS.MS.ID.000735.

a barrier to dehydration and offers fire protection for the oak tree.
To facilitate gaseous exchange between the tree and its environ-
ment, the phellem is interspersed with lenticular phellogen, which
forms radial lenticels that cross the cork tissue [2]. Cork oak trees
are well-suited to the Mediterranean’s summer conditions in poor
soils, thanks to their water-conserving traits.

These traits include small, sclerophyllous leaves that regulate
transpiration through strong stomatal control, and a dimorphic
root system that can access deep groundwater while maintaining

Page 1 of 4


http://dx.doi.org/10.33552/WJASS.2026.10.000735
https://irispublishers.com/index.php
https://irispublishers.com/wjass/

World Journal of Agriculture and Soil Science Volume 10-Issue 2

shallower roots during periods of water deficit. Additionally, their
cork provides thermal insulation and reduces water loss. Howev-
er, with the increasing frequency and intensity of droughts, these
woodlands are becoming more vulnerable. As a result, cork oak
trees have significantly altered their growth patterns and/or have
constrained their growth rates [3,4].

Cork Oak Growth Under Climate Change Effects:
Two Responses, One Vulnerability

Cork oak trees exhibit a local response to climate change in
their stem radial growth, which is influenced by factors such as
soil depth, slope position, aspect, and groundwater access by their
roots [5]. This response significantly impacts cork yield production,
both in terms of quantity and quality, on a global scale. Under sus-
tained, extreme drought conditions, the annual stem increment of
mature cork oaks can decline by half, leading to a slower growth
pattern. Younger trees, which have shallower roots, suffer the most,
with their recovery times exceeding two years compared to the typ-
ical season required for mature trees. Cork growth contributes to
over 70% of the radial increment of a stripped tree, and it is even
more sensitive to climate conditions than stem (wood and cork)
growth. Cork production is particularly influenced by the rainfall
during the previous winter and the temperature in spring. Notably,
cork growth takes priority over wood growth; trees mobilize stored
reserves to prioritize cork formation, especially in the years imme-
diately following cork harvesting when replenishment is crucial.

During this period, drought can reduce cork growth by up to
40%, impacting early cork growth for up to three years after har-
vesting. The growth pattern can provide insights into cork densi-
ty: autumn cells, which have thick walls and small lumens, deter-
mine the maximum density of the growth ring, while spring cells
influence its width. In prolonged drought conditions, trees seem to
compensate by thickening the walls of autumn cells rather than re-
ducing cell numbers, resulting in increased density even as width
decreases [6]. The severity and frequency of drought not only slow
growth but also increase cork density. Could the soils and climate
in Portugal be pushing the national cork yield toward mid- and
low-grade raw materials for the cork industry? Significant efforts
have been made in adaptive forest management, including the se-
lection and cloning of locally adapted genotypes in intensive agro-
forestry, implementing fertigation practices, promoting mixed and
irregular stand structures, protecting groundwater, and employing
climate-informed growth modeling. However, these measures can

only mitigate the effects of climate change and cannot independent-
ly reverse the alterations in cork properties driven by climate fac-
tors.

Cork Growth Rates and Patterns Define Thickness
and Quality of the Cork

Cork is primarily used for wine bottling, and the quality of cork
is crucial for the cork industry, as it largely determines the suitabili-
ty for producing natural cork stoppers, which have the highest add-
ed value [7]. Two key parameters that influence cork quality are the
thickness of the cork and its porosity. The thickness is determined
by the tree’s growth rate and pattern, while porosity is related to
the abundance and size of lenticels, which are largely influenced by
tree genetics. Natural cork stoppers are punched out from the tree
bark at a perpendicular angle. If the cork grows poorly, it may re-
sult in inadequate thickness, leading to the use of the cork for discs
or for processing into agglomerated products instead. Additionally,
cork with dense, narrow rings is of lower quality, as it has reduced
thickness and compressibility, which detracts from its suitability
for natural stoppers [1,8]. From an industrial processing perspec-
tive, the economic value of producing stoppers seems to depend
more on the proportions of different thicknesses than on porosity,
even though the quality and price of natural cork stoppers are typ-
ically based on their surface porosity, which is determined by the
lenticels.

In recent years, denser cork with narrow annual rings has be-
come less suitable for making natural stoppers and discs, which are
the products of highest value. However, this same material can still
be used for granulation and subsequent manufacturing into techni-
cal stoppers, composite discs, insulation products, and flooring. If
the drought continues to reduce ring width while increasing den-
sity, a larger portion of the cork yield may be allocated to agglom-
erated products rather than to natural cork. Additionally, the global
crisis in the wine industry, driven by changing consumer habits, has
directly reduced the demand for cork stoppers. This has caused an
immediate contraction in cork exports and has put downward pres-
sure on raw cork prices. Consequently, a pressing question arises:
Is the Portuguese cork industry proactively adapting its business
model to prioritize cork agglomerates over natural cork products?
Undoubtedly, the changes in the positioning of the cork industry
have already impacted cork trade in the field and affected market
prices see (Table 1).

Table 1: Indexed prices for cork raw material are related to cork thickness and porosity (quality). Prices have been reduced to less than half, for all

cork quality grades.

Thickness (mm) S :ﬂ‘::;Q“ahty .
<22 <25 10 =

2227 50 e ~
27-32 100 <50 0
32-40 100 <50 <10

>40 50 <25 o
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If there is a new positioning within the cork industry, it should
not simply be seen as a decline or adaptation, nor should it be re-
garded as a neutral shift. Agglomerated stoppers differ significant-
ly from natural cork stoppers in terms of value distribution, prof-
it margins, processing intensity, labor requirements, and market
positioning. The production of natural cork stoppers has become

economically viable only for thicknesses ranging from 27 mm to
40 mm and using high-quality cork (grades 1st to 3rd) due to the
substantial amount of residual cork material generated-up to 70%.
Consequently, most cork planks are categorized as refuse cork,
which is then sent for granulation and further processed into ag-

glomerated products.

Table 2: Natural cork products are indexed based on the thickness and quality of the raw cork material, with quality ratings ranging from 1st to 3rd.

Materials rated 4th to 6th quality are considered refuse (to granulate).

Thickness (mm) Cork Products 15-3
<22 Discs
22-27 Discs
27-32 Stoppers
32-40 Stoppers
>40 Granulate

These changes are not new; cork products have evolved signifi-
cantly in industrial processing (Figure 1). Despite these develop-
ments, the cork economy-ranging from forest management to in-
dustrial transformation-remains heavily reliant on the production
of natural cork wine stoppers. These stoppers continue to be the

most valuable products in the cork supply chain, justifying the high
costs of raw materials. Even though all by-products and residues
are processed into agglomerates for use in bottling, surfacing, and
other materials, the primary value still lies in wine stoppers.

-

representing the next development in cork technology (C).
S

Figure 1: On the left: Natural cork stoppers (A) evolved in the 20th century into twin-top cork stoppers, also known as duo (technical) cork
stoppers, which feature a body made of agglomerated cork with two discs of natural cork glued to the top (B). In the 21st century, the micro-
agglomerated cork stopper represents the next advancement in cork technology (C). On the right: The original champagne cork stoppers were
made from solid natural cork (A). In the 20th century, these evolved into cork stoppers featuring a body made of agglomerated cork, with discs
of natural cork glued to the bottom (B). In the 21st century, the latest innovation is the (micro)agglomerated cork stopper for sparkling wines,

NOTHING LIKE PORTUGUESFE CORK
IDENSURE IDEAL CLOJURE

J

Conclusion

The main challenge facing the Portuguese cork sector is not only
the ability to maintain its position as a producer of high-quality nat-
ural cork but also whether the transition to a product portfolio that
includes both natural and agglomerated cork will be strategically
managed. It should not be a result of the gradual decline in the qual-
ity of raw materials. The cork oak woodlands need to intensify their
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efforts to supply the cork industry with sufficient high-quality raw
material. This can be achieved through adaptive management prac-
tices, such as flexible cork harvesting schedules and the mechaniza-
tion of cork harvesting. These approaches would help reduce costs
and increase the efficiency of one of the most critical operations
in the cork value chain. In doing so, the industry can keep up with
shifts in demand while maximizing the production of high-quality
cork planks with adequate thickness and minimizing waste. Pro-
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ducing cork stoppers will continue to be the foundation of both
the economic and ecological sustainability of cork oak woodlands.
However, a key strategy for the cork industry should be to diversify

its product (Figure 2) offerings beyond wine corks, in order to miti-
gate risks associated with fluctuations in the wine market.
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Figure 2: Publicity for the Armstrong Cork and Insulation Company in 1931.
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