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ABSTRACT

Background: Stone pine (Pinus pinea L.) is one of the characteristic species of the Mediterranean 
flora. This species has been used since ancient times because of its economic importance. This study 
was carried out because stone pine forests in the Mediterranean area, as carbon sinks, are one of 
the mitigation strategies considered to face climate change. Also, stone pine forests are of great 
socio-economic importance on an international scale due to the high demand for pine nuts and the 
important role of this emblematic species in agroforestry. The objectives of this study are, firstly, the 
evaluation of biomass and carbon storage capability and, secondly, the study of agroforestry interest 
of Pinus pinea L. and management practices to increase carbon stocks.

Results: A review of research and knowledge was carried out on the subject based on a selection of 
publications that have been made in the Mediterranean area. The main conclusions are that stone 
pine forests have a very high biomass stock and a high storage potential in the future. However, 
these forests could be a potential carbon reservoir in the coming years and thus on climate change 
mitigation. In addition, the practice of agroforestry in the stone pine ecosystem can create jobs and 
many sources of income for the local population and improve their living standards.

Conclusion: Finally, this review of research results can serve as an initial basis for refining management 
practices to improve the establishment of pine trees and tools to help forest managers in quantifying 
biomass, thereby contributing to the accurate estimation of carbon sequestration and stocks in stone 
pine stands and agroforestry practices.
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HIGHLIGHTS

Forest management and quantification of stone pine biomass and carbon stocks.
Biomass accumulation under the stone pine and agroforestry interest of species.
Ground biomass estimation with very high spatial resolution satellite images.
Management practices used to increase biomass and carbon stocks. 
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INTRODUCTION 
Forest stands play a key role in CO2 fixation. Carbon 

stored in forest ecosystems is distributed among three 
compositions: living tree biomass (stems, branches, foliage, 
roots), plant detritus (fallen branches and cones, forest 
litter, tree stumps, tree tops, logs) and soil. Plants acquire 
energy for their living structures through photosynthesis, 
which requires CO2 captured by leaf stomata. Stand forests 
play an important role in mitigating global climate change. 
Forest ecosystems cover over 4.109 ha of the earth’s surface 
(IPCC, 2007), with a quantified carbon (C) stock of 363 Pg 
C in living biomass (Pan et al., 2011). Forest biomass has 
become increasingly important in the global economy 
and in assessing stand development and monitoring 
(Gonçalves et al., 2019). Determination of forest biomass is 
very necessary for the assessment of forest stand dynamics 
and the monitoring of natural ecosystems under several 
environmental factors (Schroeder et al., 1997; Parresol, 
1999). Biomass partitioning is a major factor in quantifying 
exploitable dendromass for timber yield or firewood (Tesfaye 
et al., 2015). Given the relationship between carbon stocks 
and the phytomass amount in forest ecosystems, in recent 
years, under the United Nations Framework Convention 
on Climate Change, and in particular the commitments 
contained in the Kyoto protocol, the need for accurate 
biomass accounting has arisen in most countries (Snowdon 
et al., 2000; Lehtonen et al., 2004; Somogyi et al., 2006; Vallet 
et al., 2006). In forest ecosystems of the Mediterranean area, 
wood production is considered a secondary function, whose 
quantification is very important to make the management 
strategy of forest stands as carbon sinks (Ruiz-Peinado et 
al., 2011). Quantifying the carbon balance in forests is one 
of the main challenges in forest management. Stand carbon 
stocks are usually quantified indirectly through biomass 
equations applied to forest inventories, frequently taking into 
account different stand biomass components (Ruiz-Peinado 
et al., 2011). Loewe and Delard (2017) have shown that stone 
pine is an important and key species for agroforestry and 
have used it for soil fixation and fertilization and livestock 
shading. Agroforestry systems play a crucial role in rural 
livelihoods by providing employment, energy, nutritious 
food and a key range of other ecosystem goods and 
services (BBC, 2014). Eichhorn et al. (2006) found that the 
use of pine forest in these systems can expand the potential 
applications of agroforestry. Reisner et al. (2007) confirmed 
the potential of Pinus pinea in combined productive 
systems, with stone pine being recognized as key species 
for agroforestry systems (Fig. 1).

Stone pine is one of the nine most important dry fruit 
producing trees in the world (Loewe and Delard, 2016). Mutke 
et al. (2007) showed that the stone pine is also easily integrated 
into agroforestry systems due to its plasticity and beauty, and 
the important value of fruit in international markets. These 
authors confirmed that stone pine has been intercropped with 
agricultural crops in combined systems in Spain.

This work is a synthesis of tools to help forest 
managers quantify the biomass and carbon stocks of stone 
pine forest and the interest of this species in agroforestry. 

CARBON SEQUESTRATION AND FOREST 
MANAGEMENT

Forest ecosystems play an irreplaceable role in 
regulating carbon (C) balance and maintaining global 
climate (Jassal et al., 2010). Forest degradation and 
other changes in land use have significantly affected the 
atmospheric carbon dioxide (CO2) concentration (Okereke 
and Dooley, 2010). Carbon is stored in tree tissues in different 
amounts depending on factors such as species, growth rate, 
and leaf life span (Nowak et al., 2002; Gratani and Varone, 
2007; Gratani et al., 2013). Plants with large crowns tend to 
sequestrate and store more C than trees with small crowns 
(Brack, 2002; Gratani and Varone, 2006) and changes of crown 
structure over time influence both the absolute stem growth 
and efficiency (Jack and Long, 1991). Carbon sequestration by 
forests is a major mechanism for mitigating global warming 
(Dixon et al., 1994; Lal, 2004) and has become a key issue 
for researchers and forest managers. Consequently, much of 
the current research in this area focuses on improving our 
quantification of carbon (C) stocks in the different components 
of forests, which are also of particular interest in terms of forest 
productivity (Lal, 2005). Reliable estimates of forest biomass 
are important for assessing forest stands and carbon stocks 
in accordance with the Kyoto Protocol on greenhouse gas 
reduction (Brown, 2002). Estimating forest stand biomass is 
generally considered a means of ensuring good ecosystem 
management and sustainability, and forest managers have 
applied different methods to obtain these estimates (Zianis 
and Mencuccini, 2004). Tree biomass plays an important 
role in sustainable stands management and in determining 
forest carbon stocks. Accurate estimates based on species-
specific empirical data are necessary for regional and 
forestry survey and forest carbon management practices 
(Cutini et al., 2013). The production of greenhouse gases is 
the main concern of environmental researchers. This gas is 
the result of intensive human activities. There is a general 
consensus on the need to reduce this kind of gasses, and 
one of the main strategies is through CO2 sequestration by 
forest biomass and soils. in this sense, carbon sequestration 
by means of forest management has become an extremely 
important tool (Hoen and Solberg, 1994; Brown et al., 1996; 
Canadell and Raupach, 2008). Carbon stored in forest 
ecosystems is of great importance from the point of view 
of forest management because, on the one hand, it is easily 
modified by silvicultural treatments (e.g., rotation length, 

Fig. 1  Stone pine stand in Tunisia.
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thinning, etc.), and, on the other hand, it influences the 
average life span of forest products, especially wood. Del 
Río et al. (2017) find that in the Mediterranean area, forest 
ecosystems are characterized by an important role as a source 
of carbon and these forest stands offer ecosystem services 
of greater value than their direct production. Ruiz-Peinado 
et al. (2014) found that pine afforestation has proven to be a 
successful climate change mitigation strategy, as confirmed 
by the large amounts of carbon found in this reforestation 
in the middle of the rotation period. Results on the effects 
of thinning on carbon stocks showed a small loss in total 
biomass (including both on-site and off-site stock), but only 
when heavy thinnings were conducted. 

Moreover, there was no effect on the forest 
soil (forest floor and mineral soil). Therefore, thinning 
treatments do not disrupt the potentially high rates of soil 
carbon sequestration rates associated with afforestation. 
Furthermore, the regular harvesting method avoids 
a decrease in forest floor carbon stock levels. Special 
consideration should be given to management strategies 
to increase carbon storage as forests may be considered 
a major global CO2 sink that can confront the atmospheric 
CO2 concentration increase (Power et al., 2012). Del Río et 
al. (2017) showed that pine stand management regimes 
in the Mediterranean zone influence on the evolution of 
carbon sequestration. Silvicultural interventions and forest 
stand age influenced carbon stocks.  

BIOMASS AND CARBON STORAGE IN STONE 
PINE STANDS

In Mediterranean stone pine forests, Del Río et al. 
(2017) found that when annual biomass growth as well as 
annual cone production is considered, the uneven-aged 
stand product 0.14 Mg C.ha−1.yr−1 more carbon than the 
even-aged stand, which average a difference of 13.6 Mg 
C.ha−1 over the 100 year period. In this sense Tab. 1 shows 
the annual increases in above-ground and below-ground 
biomass, annual cone production (dry weight) and their 
fixed C equivalents in even and uneven-aged stands of 
stone pine (Del Río M et al., 2017). From Tab. 1, we found 
that in the stand of stone pine, the biomass is 2322.5 kg.ha-1.
yr-1 in even-aged stands and 2636.5 kg.ha-1.yr-1 in uneven-
aged stands. In the same stand the amount of carbon 
fixed is 1.195 Mg.C.ha-1.yr-1 in even-aged stands and 1.334 
Mg.C.ha-1.yr-1 in uneven-aged stands. 

From Tab. 1 we conclude that uneven-aged stands 
of stone pine are more productive in biomass and carbon. 
Del Río et al. (2017) showed that in terms of productivity, the 
uneven-aged structure favors cone. 

production, which is one of the main objectives in 
stone pine stand management practices. In terms of green 

cone weight (Fig.2), which is the commonly used trade unit, 
throughout the 100 year cycle uneven-aged stands produce 
171 kg.ha−1.yr−1, while even aged stands only produce 
120.8 kg.ha−1.yr−1. However, the contribution of cone 
production to CO2 fixation can be considered negligible, 
as most cones are collected annually to obtain edible pine 
nuts, while the residuals of the industrial process of pine 
nut extraction are usually burned. In the study of allometric 
relationships for volume and biomass for stone pine in 
Italian coastal stands, Cutini et al. (2013) found that the 
wood basic density averaged 538 ± 11 kg.m3. Carbon stocks 
in Spanish pine forests were above 249 million of Mg C in 
2010, based on the second and third Spanish national forest 
inventories, the carbon stocks of Pinus pinea are 17.25 
million of Mg C (Del Río et al., 2017). Regarding carbon 
sequestration in even and uneven-aged Pinus pinea stands, 
these authors concluded that the carbon sequestered in the 
even-aged stand reached a maximum of 84 Mg.C.ha −1 at 
the end of the rotation period, while the simulated uneven-
aged stand resulted in a maximum of 63 Mg.C.ha−1 and a 
minimum of 30 Mg.C.ha−1. Considering the total cumulative 
amount of carbon sequestered over the 100-year cycle, 
while even-aged stands accumulate 145 Mg.C.ha−1, uneven-
aged stands have sequestered 130 Mg.C.ha−1, making them 
more efficient in this role. It should also be noted that 
the uneven-aged stand maintained a constant stock of 
sequestered carbon of over 27 Mg.C.ha−1 that was never 
extracted from the forest. Cabanettes and Rapp (1978) 
found that the biomass production of Pinus pinea is 146 
t.ha-1, aboveground biomass is 124 t.ha-1 and underground 
biomass is 22 t.ha-1. In Tunisia, Ennajah et al. (2016) showed 
that aboveground biomass of the stone pine forest is 93 
t.ha-1 in the thinned stand and 113 t.ha-1 in the unthinned 
stand. These authors concluded that thinned stand has 
a higher carbon stock compared to the control stand. 
The main role of silvicultural practices was to increase 
biomass production per unit of unit area (Whittaker et al., 
1974) and carbon stock is directly correlated with stem 
volume. A study made by Moore et al. (2012), showed that 
silvicultural practices can lead to improved and maximized 
of carbon sequestration compared to the non silvicultural 
treatment, by controlling the density and stand growth. 

Tab. 1 Categorization criteria for the condition of the cross-
sections of the trunks of Copaifera sp.

Biomass 
(kg.ha-1.yr-1)

Structure Aboveground Belowground cones Total
Even-aged 1721.1 525.3 76.1 2322.5

Uneven-aged 2034.4 520.9 108.2 2663.5
C fixation

(Mg.C.ha-1.yr-1)
Even-aged 0.873 0.267 0.055 1.195

Uneven-aged 1.031 0.265 0.038 1.334 Fig. 2 Stone pine cones.
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Overall results highlight that stone pine structural traits and 
biomass change in response to tree age and silvicultural 
practices. The assessment of forest carbon stocks is based 
on estimates of forest biomass, usually by applying biomass 
equations to forest inventories (Faias et al., 2018). These 
authors found that studies regarding forest biomass in 
stone pine species (Tab. 2) have been carried out in the 
Mediterranean basin, namely Italy (Cutini et al., 2013), 
Spain (Montero et al., 2005; Ruiz-Peinado et al., 2011) and 
Portugal (Correia et al., 2010). Correia et al. (2010) indicated 
that aboveground biomass allometry in Pinus pinea is not 
comparable to other pines and varies considerably with 
stands characteristics. These authors found that biomass 
expansion factors of aboveground decreased between open 
(1.33 ± 0.03 Mg.m–3) and closed stands (1.07 ± 0.01 Mg.m–3) 
due to a change in the biomass allocation pattern from stem 
to branches. The means wood basic density was 0.50 ± 0.01 
Mg.m–3, but it varied with tree dimensions and the root/
branch ratio found was 0.30 ± 0.03. A carbon sequestration 
simulation made by Del Rio et al. (2008) using an integrated 
single tree model (PINEA2) in even and uneven aged P. 
pinea stands over a 100-year period, estimated 1.2 to 1.5 
Mg of carbon sequestered per ha and per year (Mg.C.ha–1.
yr–1). Correia et al. (2010) found that the aboveground 
estimates were within the range of values reported in the 
literature for other pines. The total biomass of stone pine 
(aerial and root) for the Alentejo region is 47.6 t.ha-1 with 
pure stands and 5.1 t.ha-1 for plantations (IFN5, 2010). In the 
study of Pinus pinea aboveground biomass estimation with 
very high spatial resolution satellite images, Gonçalves et 
al. (2017a) found that the fitted functions of aboveground 
biomass per plot (Wps) against tree crown horizontal 
projection (CHPps) and cumulative aboveground biomass 
per plot (Wpsc) against Tree crown horizontal projection 
(CHPpsc) have statistical properties that indicate their good 
performance, these authors found the equations illustrated 
in Tab. 3. Site-specific biomass equations and expansion 
factors for stone pine have already been developed from 
harvested trees collected in Italy by Cutini et al. (2013), in 
Spain by Montero et al. (2005), Ruiz-Peinado et al. (2011) 
and Portugal by Correia et al. (2010) showed in Tab. 4. 

With the aim of developing a system of biomass equations 
for aboveground and belowground biomass for the 
Mediterranean Stone pine (three Mediterranean countries: 
Italy, Portugal and Spain) Correia et al. (2018) found that 
the new biomass equations found in their study (Tab. 5) 
improved the accuracy of biomass estimates, particularly 
for the aboveground components of higher dimension 
trees and for the root component, being highly suitable 
for use in regional and national biomass forest calculations. 
This is, to date, the most exhaustive database on harvested 
stone pine stands in the world. The newly developed 
equations performed better than regional equations and 
are suitable for quantifying biomass at local or national 
level. Correia et al. (2018) developed a new Mediterranean 
system of biomass equations, wich allows for more accurate 
estimation of aboveground biomass of stone pine across a 
wide range of diameter classes and across different sites. The 
study also included a new and more precise belowground 
biomass model by sharing existing data (Tab. 5). In 
comparison with Pinus pinaster, Ruiz-Peinado et al. (2013) 
found that the total carbon stocks present in unthinned 
plots of Pinus pinaster were 317 Mg.ha-1; in the moderately 
thinned plots they were 256 Mg.ha-1 and in the case of 
heavily thinned plots, 234 Mg.ha-1. These authors found 
that these differences were mainly due to the carbon stock 
in the living biomass, which decreased with the intensity 

Tab. 2 Aboveground biomass model of stone pine (Faias 
et al., 2018).

General 
Model

Country Aboveground biomass model References
Spain 0.11694 d2.424 Montero et al. (2005)
Italy 0.054 d2.594 Cutini et al. 2013

Portugal 280.1 C2.22h0.19 Correira et al. 2010

D : diameter at breast height (cm) ; C   ; h : tree height (m) ; C : circumference 
at breast height (cm).

Tab. 3 Allometric function of aboveground biomass of 
stone pine estimated with very high spatial resolution 
satellite images (Gonçalves et al., 2017a).

Allometric function R2 R2aj

Wps = 12.4076 x CHPps 0.893 0.890
Wpscs = 14.1471 x CHPps 0.995 0.995
Wps : above ground biomass per plot ; CHPps : Tree crown horizontal 

projection ; W psc : cumulative above ground biomass per plot

Tab. 4 Pulished site-specific systems of biomass equations, 
fitting dataset d range (cm) and correspondent evaluation 
statistics. Abbreviations stand for : d, tree diameter at breast 
height  (cm); c, circumference at breast height (cm); h, tree 
height (m) (Correia et al., 2018).

Allometric function
Biomass 

component
Model

Published 
statistics

Italy
D range : [10-50]
Cutini et al. (2013)

Stem 0.091 d2.346 RMSE = 70.85

Needles 0.009 d2.537
RMSE by local 

3.91;16.39 ; 2.74; 
4.93

Woody 0.045 d2.602 RMSE = 85.14
Aboveground ∑ components

Portugal
D range : [7-56]

Correira et al. (2010)

Wood 18.85 c1.68 h0.95 R2
aj  = 0.93

Bark 8.08 c1.55 h0.47 R2
aj  = 0.82

Needles 22.27 c1.76 (h/d)
(-0.5) R2

aj = 0.63

Branches 184.94 c3.03 R2
aj  = 0.74

Aboveground ∑ components

Spain
D range : [9-63]

Ruiz-Peinado et al. 
(2011)

Stem 0.0224 
d1.923h1.0193

R2
aj = 0.99

RMSE = 36.76

Needles with thin 
branches (< 2 cm)

21.927-2.827h+ 
0.0707 d2

R2
aj = 0.90

RMSE = 19.65

Medium branches 
(2-7 cm)

0.0525 d2
R2

aj  = 0.80
RMSE = 29.46

Thick branches

[0.247 (d-22.5)2]Z
If d ≤ 22.5 cm 

then Z = 0
If d > 22.5 cm 

then Z = 1

R2
aj = 0.86

RMSE = 46.17

Aboveground ∑ components

Roots 0.117 d2
R2

aj = 0.98
RMSE = 14.86
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of thinning. However, soil carbon stocks, forest soil and 
mineral soil, were not influenced by silvicultural practices, 
especially thinning, with all stands showing very similar 
values 102–107 Mg.C.ha−1 for total soil; 15–19 Mg.C.ha−1 for 
forest soil; 87–88 Mg.C.ha−1 for mineral soil). Ruiz-Peinado 
et al. (2013) reported that total carbon between managed 
and unmanaged Pinus pinea  stands highlight the 
importance of forest management on mitigation effects. In 
this sense, in situ carbon stocks are therefore not the only 
relevant indicators for carbon sequestration, as harvested 
biomass can contribute effectively to carbon sequestration 
in managed forests.

BIOMASS AND CARBON STORAGE SHRUB 
UNDER STONE PINE FOREST

Although tree biomass represents the main carbon 
sink in forests ecosystems (Beedlow et al., 2004), in some 
area’s shrub biomass could be as important as tree biomass 
in terms of carbon sequestration (Pasalodos-Tato et al., 
2015). These authors found that the importance of shrub 
formations in the Mediterranean area both in terms of the area 
occupied and the carbon sequestered by them is currently 
recognized. In the study of shrub biomass accumulation 
under Pinus pinea , Pasalodos-Tato et al. (2015) inventoried 
using destructive sampling an annual growth rate of 16.73 
Mg.ha-1 and 1.14 Mg.ha-1.yr-1, respectively. Heather and big-
size Cistaceae formations had the highest values of biomass 
accumulation (24.99 and 21.01 Mg.ha-1, respectively), while 
the highest values of annual growth rate were achieved by 
leguminous gorse shrubs and, again, big-size Cistaceae 
shrubs (1.49 and 1.64 Mg.ha-1.yr-1, respectively). In the 
carbon sequestration of Mediterranean shrubs, Gratani et 
al. (2014) noted that biomass was the largest in 104-year-
old tree stands (241.1 ± 9.8 t.ha-1) and carbon stored (Cst) 
varied from 0.01 ± 0.005 to 1.63 ± 0.07 Mg.ha-1 (15 and 104 
year-old trees, respectively). Merino et al. (1990) obtained 
a biomass value of 4.9 Mg.ha-1 for cistus and 21.9 Mg.ha-1 
for heathers in South-East of Andalusia was much lower 
than that obtained by Pasalodos-Tato et al. (2015) which 
is in the order of 6.26 and 21.01 Mg.ha-1 formation of cistus 
respectively. The results of a study by Marquez et al. (1989) 
on cistus formations in the neighboring province of Badajoz 
(Spain), indicate amounts 

ranging from 5.0 to 37.7 Mg.ha-1 according to 
age, with an average value of 23.2 Mg.ha-1. There is rather 
less agreement with the results obtained by Fernandez 
et al. (1995), who presented biomass estimates for the 

northwestern part of the region for cistus and mixed 
shrubs ranging from 8.1 to 15.2 Mg.ha-1 and from 41.1 to 
66.8 Mg.ha-1 respectively. Basanta (1982) reported values of 
28.9 Mg.ha-1 for shrub (without specified dominant species) 
in the mountainous area of the Andalusian region. These 
results differ from those obtained as the average amount of 
biomass found in Andalusia (without differentiating between 
formations) was 16.7 Mg.ha-1. Under stone pine forests, Adili 
et al. (2013) found that biomass of understorey vegetation 
(woody species, graminoids and forbs) was positively 
correlated with light transmittance (Tab. 6). The lower 
transmittance class (6.2–11.5%) showed lower understorey 
biomass, with 223 kg.ha-1 for woody species, 4.9 kg.ha-1 for 
graminoids and 1.6 kg.ha-1 for forbs. Understorey biomass 
was significantly greater in the higher transmittance class 
(19.8–30.6%) (17112 kg.ha-1 for woody vegetation, 167 kg.ha-1 
for graminoids and 152 kg.ha-1 for forbs). Litter quantity 
increases with canopy cover and decreases with increasing 
light availability. Consequently, litter biomass was linked to 
light transmittance (Adili et al., 2013). Finally, shrub biomass 
under pine forest and growth rate are very relevant for 
forest management in Mediterranean regions, not only for 
quantifying carbon sequestration capacity, but also for the 
development of guidelines for fire prevention as well as for 
assessing the role of forest ecosystems as wildlife habitats 
(Pasalodos-Tato et al., 2015).

Tab. 5 Formulation of the Mediterranean system of biomass equations for the aboveground biomass, whère MT-d includes 
only tree d (cm), MT-dh includes tree d and h (m) and RMSE is in kg. For each parameter, the significance (p-value) is 
presented. (Correia et al., 2018).

Allometric function Biomass component Model k α β R2
aj RMSE

MT-d
Stem kdα 0.002423 (<0.0001) 3.246929 (<0.0001) 0.931 98.2

Branches kdα 0.618358 (<0.0001) 1.678759 (<0.0001) 0.797 76.7
Needles k (d/100)α 2061.774 (<0.0001) 4.248054 (<0.0001) 0.776 33.0

Aboveground ∑ components 0.961 115.7

MT-dh

Stem K dα (h/d)β 0.008797 (<0.0001) 2.871281 (<0.0001) -0.19326 (<0.0001) 0.930 98.9
Branches K dα hβ 0.060502 (<0.0001) 1.897782 (<0.0001) 0.527179 (<0.0001) 0.852 65.5
Needles K (d/100)α (h/d)β 49.37346 (<0.0001) 2.528243 (<0.0001) -2.01953 (<0.0001) 0.888 23.4

Aboveground ∑ components 0.960 116.9

Tab. 6 Understorey biomass (kg.ha-1) of understorey woody 
species, graminoids, forbs and litter relative to transmittance 
in three coastal Pinus pinea forest located in north Tunisia 
(Adili et al., 2013).

Transmittance class 6.2-11.5 11.6-14.8 14.9-19.7 19.8-30.6
Woody species 223 1188 3371 17112

Graminoids 4.95 9.2 34.6 166.8
Forbs 1.6 5.2 49.8 151.5
Litter 11440 7426 4390 2909

AGROFORESTRY INTEREST OF STONE PINE
Agroforestry systems are recognized for their 

importance in biomass production, both for carbon stocks 
(in vegetation and soil) and as a source of biomass for 
energy production (Jose and Bardhan, 2012). These systems 
improve the sustainability and durability of production 
(Nerlich et al., 2013; Eichhorn et al., 2006; Jose et al., 2004). 
Mutke et al. (2012) showed that stone pine has potential 
as a crop in agroforestry systems; in tree lines, such as 
shelterbelts adjacent to farmland or pastures; or in low-
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density orchard plantations. These authors found that 
most reforestation for pine nut production is still managed 
as extensive forest or agroforestry systems, and trees are 
mostly grown from seeds. Bono and Aletà (2013) showed 
that grafted plantations for cone production could be an 
important alternative on low quality agricultural lands. 
These plantations have various advantages over traditional 
forest harvesting: early bearing, possibility of using more 
productive genotypes and more adapted rootstocks to the 
soil, easy harvesting, better control against cone pillage. 
These authors concluded that the cone yield was registered, 
with 840 kg. ha-1. Loewe and Delard (2019) tested agroforestry 
systems including stone pine and agricultural crops (forage 
oat and potatoes) and sheep grazing for sheep production. 
These authors found that forage production in these plots 
was not enough to support permanent grazing; however, 
sheep grazing in regulated periods contributes to sheep 
production. Gonçalves et al. (2017b) showed that most stone 
pine (Pinus pinea  L.) stands are managed as agroforestry 
systems, whose main production is fruit, due to the edible 
and highly nutritious kernels, and are frequently associated 
to natural or seeded pastures and grazing. These authors 
found that the stands are characteristic of agroforestry 
systems, whose main production is fruit associated with 
natural or seeded pasture and grazing. The result of Loewe 
and Delard (2019) indicates the overall beneficial effects of 
the system on the tree reproductive development, and could 
be an advantage for traditional plantations with seedlings, 
which are significantly less expensive than grafted plants. 
Agrimi and Ciancio (1994) confirmed the possibility to 
combine stone pine and animals. Loewe and Delard (2019) 
found that grazing reduces weed and shrub growth, fire 
risk, and the cost of periodic mechanical cleaning. These 
authors concluded that net present value was almost seven 
times higher in the agroforestry system than in pure stone 
pine reforestation; therefore, this system can contribute 
to the local and national economy. Soil fragmentation 
and nutrient enrichment through animal defecation 
during grazing has been reported, accelerating litter 
decomposition and nitrogen incorporation, and reducing 
pine needle accumulation and fire risk (Mancilla-Leyton et 
al., 2013). Loewe and Delard (2019) suggest that it is possible 
to associate stone pine cultivation with intercropped annual 
cultures and also with controlled grazing, with important 
tree development values, as it has been demonstrated for 
other fruit forest species (Chifflot et al., 2005). Gonçalves 
et al. (2017b) found that the management of stone pine 
stands seems to be better suited to agroforestry systems 
with free-growing trees, especially if they have a uniform 
spatial distribution and neighbors have similar sizes, as this 
limits competition and enhances fruit production in the outer 
crowns. In addition, Gonçalves et al (2017b) showed that low 
crown cover favors grazing and pasturing, allowing product 
diversification, and that trees and vegetation cover in pastures 
reduce erosion potential, which is particularly important in the 
Mediterranean area where precipitation is variable over time. 
Loewe and Delard (2019) showed that, from an economic point 
of view, we found the combined system to be significantly 
more profitable than stone pine monoculture oriented to 
cone and nut production. Economic results can improve if 

the owner adds primary elaboration to sell in-shell pine 
nuts. These authors found that the species suitable for its 
establishment in combined agroforestry systems based 
on trees for both nuts and wood, intercropped with 
agricultural crops and animal grazing. The high prices 
obtained for this nut in international markets have made 
it an attractive opportunity as an alternative crop on 
rain-fed farmland or in agroforestry systems (Mutke et 
al., 2012). Loewe and Delard (2019) found that the stone 
pine-agricultural crops-sheep grazing system showed 
a positive economic impact; given the socio-economic 
limitations characteristic of this sector. These results serve 
to encourage the authorities to provide subsidies for the 
government establishment and proper management 
of agroforestry systems in order to improve the rural 
economy and living standards of the local population.

MANAGEMENT PRACTICES REDUCE 
EMISSIONS AND/OR INCREASE CARBON 
STOCKS

The forest management practice options 
available to minimize emissions and/or maximize carbon 
stocks can be presented in four recommendations 
according to Nabuurs et al. (2007):

1. Protect forests, maximize reforestation of 
degraded and unused areas, and limit clearing and 
other forest ecosystem degradation activities;

2. Apply appropriate silvicultural treatments 
and good forest stand management (thinning, pruning, 
maintenance, species mixing, etc.);

3. Maintain or increase ecosystem carbon 
density by protecting forest stands based on the 
application of appropriate management plans, fire and 
pest and disease control in forests;

4. Maximize off-site carbon stocks in wood 
products and promote forest products as substitutes 
for fuels and other materials (e.g., biomass, building 
materials, etc.)

CONCLUSION
In conclusion of this literature review, we found that 

the determination of the biomass and carbon balance of 
stone pine forests in the Mediterranean area is important 
and useful for the management of forest ecosystems. 
Quantifying the carbon balance of forests is one of the 
main challenges in current forest management. The 
management practices discussed in this synthesis allow 
reducing gas emissions and increasing carbon stocks. 
Agroforestry systems are recognized for their importance 
in biomass production, both for carbon sequestration (in 
vegetation and soil) and as a source of biomass for energy. 
This synthesis could justify government investment in the 
establishment and management of forest ecosystems to 
improve the rural economy.
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