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A case study concerning an experimental moso bamboo plantation (5 ha), located in central Italy, is presented. In order to evaluate CO2 capturing potential, a computational study was developed and applied to the bamboo field to predict and quantify the tons of CO2 equivalent annually sequestered, during a project range of 15 years. The computational model, based on allometric parameters and field density, was integrated with an accurate analysis of the geological, pedological and climatic scenario, and of the socio-economic context. The study aimed to correlate the growth and thickening trend of moso bamboo field, namely its CO2 capturing potential, with the geopedoclimatic context. This allowed to evaluate if the bamboo afforestation projects are capable to offset carbon dioxide emissions in the Italian context. The highest segregation power of the bamboo plantation equated 3,651.32 tCO2e ⋅ yr−1, segregated by the whole field in the 12th year (out of a total timeframe of 15 years). The study demonstrated the eligibility requirements for a GHG project and the suitability of moso bamboo farming finalized to carbon trading. Our findings represent a valid model to encourage the voluntary carbon market in Italy from afforestation with bamboo species.
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INTRODUCTION
Climate change and its strong connection with anthropic greenhouse effect and global warming is considered one of the most significant global emergencies and it is no longer a topic of exclusive scientific interest. There is a growing commitment of governments and international policies in search of containment solutions to limit the serious consequences of global warming, such as the rising ocean water temperatures, the increasing sea levels and the melting of glaciers (IPCC, 2019). The evidence of a strong correlation between carbon dioxide emissions and the increasing global temperature makes urgent to stabilize the levels of CO2, and in general of atmospheric greenhouse gases (GHG), through a series of contrasting strategies. The atmospheric CO2 concentration has exceeded 30% increase in the past 60 years (Le Quéré et al., 2018). In Italy, more than 335 million tonnes of CO2 emissions have been reported only for 2019 (Global Carbon Project, 2021). The challenge of climate change requires simultaneous action of mitigation, adaptation and development (MAD), where the afforestation projects may supply a crucial contribution , thanks to the multiple service that forests are able to provide, such as carbon sequestration, timber provision and income generation (UNFCCC, 2007). Reducing Emissions from Deforestation and forest Degradation, along with the sustainable management of forests (REDD+), is an international framework to encourage voluntary efforts for GHG emissions reduction (Streck 2020). Carbon offsetting involves the acquisition of carbon credits from certified GHG projects to compensate the equivalent of one ton of carbon dioxide emitted in a specific area. The Kyoto Protocol introduced the Clean Development Mechanism (CDM) which consists of the purchase by industrialized countries (Annex-I) of carbon credits sold by developing countries (non-Annex-1), and generated from GHG projects based on afforestation and reforestation (Lefebvre et al., 2021). Among the different types of carbon credits envisaged by the voluntary market, there are VERs (Verified Emission Reduction) deriving from non-CDM-projects (UNFCCC, 2014; Lang et al., 2019). One VER corresponds to one metric ton of CO2 equivalent emissions (mtCO2e). Overall, voluntary credits representing 104 mtCO2e were traded in 2019 amounting to a cumulative market value of 320 million USD (Kreibich and Hermwille, 2021). In this context, a significant role can be played by bamboo forests; indeed, although strictly botanically bamboo is considered as a woody grass, and not a tree, the role of bamboo forests in the carbon cycle is broadly comparable with that of other types of forests. For this reason the CDM Executive Board, in its 39th meeting, decided bamboos to be equivalent to trees in the context of afforestation and reforestation (UNFCCC, 2008). The common term of bamboo includes the members of a taxonomic group of woody grasses (subfamily Bambusoideae, family Andropogoneae/Poaceae) that is composed of 1,250 species and 75 genera, most of which are relatively fast-growing, attaining stand maturity within 5 years (Zhang et al., 2015). Approximately 80% of the species are widely distributed in the Asian continent, but they also grow in Africa, and Central and South America (Canavan et al., 2016). Phyllostachys pubescens, also known as moso bamboo, is the world’s widespread bamboo species: from the underground rhizome, a seedling grows quickly to a culm, reaching a height of 25 m or more, and a diameter of 10–13 cm. The bamboo growth rate depends on numerous factors, including the environmental temperature, water availability and moisture. In fact, nutrients adsorption in Moso bamboo is strictly dependent on the integrity of roots, generally amassed in the superficial layers of the soil with the form of a leptomorphic and creeping root system (Kleinhenz and Midmore, 2001). According to several scientific studies, Moso bamboo has proven to be one of the most suitable plants for carbon sequestration from the atmosphere mainly due to its fast growth and easy management of plantations (King et al., 2021). Moso bamboo forests have an estimated above ground carbon density (i.e., the mass of carbon per unit land area) ranging from 34 to 70 Mg·ha−1, with an average rate of 8 Mg·ha−1 per year (Dwivedi et al., 2019). For this reason, moso afforestation may be included in eco-restoration strategies for rejuvenation of degraded ecosystems, bringing them back to their near original state (Singh et al., 2020). It also helps to control soil erosion, sustain microbial ecology, enhance biomass production and socio-economic development (Singh et al., 2021). However, new procedures for the computation of carbon credits from bamboo cultivations are needed, given the general conflict that emerges from literature data. These conflicting results can be explained by the difficulty of harmonizing several variables, including biomes, ecosystems, management regimes, timeframes, carbon pools, etc., At present, many computational and predictive models are available for establishing the dimensions of carbon stocks in forests (Zhang et al., 2015). Quite often, though, such models are difficult to be applied, and are tested exclusively in Asia. The present paper describes the application of a moso plantation management model to an unexplored context (Italy) with the aim of evaluating its potential suitability and eligibility in a REDD project.
The major objective of this study is to assess if small-scale bamboo afforestation interventions can contribute to: 1) the compensation of CO2 emissions through the carbon trading system; 2) the hydrogeological preservation of the Italian territory; 3) the development of the agro-economy through the creation of employment; 4) raise the sustainability score that at present is medium to low in central Italy, where this study took place (D’Adamo et al., 2021). For the evaluation of capturing potential of the experimental field a simple and replicable predictive computational model was used, based on field data integrated with information on the geological and climate scenarios. The resulting perspective is to transfer the methodology used in this study to other domestic and European contexts, contributing to the spread of bamboo afforestation as a key strategy to fight climate change, for the development of bioeconomy and for the eco-restoration of degraded lands.
THE ITALIAN CONTEXT
In Italy, the voluntary markets for ecosystem services generated by forests have not reached yet a stage of maturity. Nonetheless, the voluntary market shows great potential to stimulate virtuous actions in the forestry and agricultural sectors, also representing a precious opportunity for private companies, non-profit organizations, public bodies, and individuals. Moreover, it could ensure a concrete contribution to the pursuit of the international objectives signed by the Italian government. There is still no institutional recognition of guidelines nor a national register of credits generated on the national territory. The European Regulation 841/2018 (Regulation, 2018) (Reg UE 2018/841) provides that the credits generated by the LULUCF (Land Use, Land Use Change and Forestry) can contribute to the achievement of 30% of the emission reductions compared to 2005 in the sectors governed by the Effort Sharing regulation (ESR), as an objective that contributes to the wider 40% reduction target compared to 1990. Carbon credits generated can only be partially used in order to achieve the 30% ESR target, or up to a limit, established at European level, of 280 mtCO2e for the decade 2020–2030 (intersector flexibility). For Italy this limit equates 11.5 mtCO2e, corresponding to 0.3% of the ESR target. Between 2016–2017, a number of nine active projects were identified in the Italian forestry carbon voluntary market, which involved a total area of30,453 ha, with generation and exchange of 158,436 tCO2e. The average price of carbon credit assumed very different values in the 2 years of the survey, going from 17.7 €/tCO2e in 2016 to 36 €/tCO2e in 2017 (Brotto et al., 2018). These values are much higher than the average value recorded internationally (5.2 $/tCO2e). Volumes and prices have fluctuated widely over the years, suggesting that the forest-based carbon market in Italy experiences considerable variability and price volatility. All the project activities above described concern woods and forests, whereas bamboo carbon farming is still a little explored practice in Italy. The rapid growth and thickening that characterizes the moso species and its wide and varied geographical distribution indicate that the moso management aimed at carbon offset must certainly be a way forward for Italy in the coming years. Certified GHG projects could become true promoters of the transition to a low-carbon economy. Likewise, it is necessary to take into account additional benefits of such projects, deriving from the special features of bamboo itself, first of all its root system. In fact, the root apparatus is not only a fundamental carbon sink, but due to its morpho-structural characteristics, it represents a real bulwark in the prevention of hydrogeological instability; the latter has acquired, in recent years, the dimension of a real emergency in Italy, that in the last 20 years has been the scene of dramatic events such as landslides and floods (Paleari, 2018). Indeed bamboo forests preserve the soil from hydro-erosion and from a wider variety of events, i.e. slope instability, landslides and mudslides (Santoro et al., 2020). Furthermore, bamboo’s farming oriented to carbon offset provides numerous environmental services, it can help reducing rural poverty by increasing the levels of rural and extra-rural employment and empowering women in their communities (King et al., 2021).
CASE STUDY: THE CO2 SEQUESTRATION CAPACITY OF A MOSO BAMBOO FIELD
The present case study concerns an experimental moso bamboo field (5 ha) located in central Italy whose management was oriented to carbon offset. A computational model based on allometric parameters and field density, was integrated with an accurate analysis of the geological, pedological and climatic scenario, and of the economic and social context. The model has been processed and applied to the bamboo field in order to evaluate CO2 capturing potential, and to predict and quantify the tons of CO2 equivalent annually sequestered, during a project range of 15 years. This study aimed to evaluate if a small-scale afforestation project with bamboo can be suitable to reduce GHG emissions and eligible for carbon farming, also in Italy where it is still a niche practice. The aims of the study were: 1) characterization of the geopedoclimatic and socio-economic scenario where the bamboo plantation is located; 2) evaluation of the CO2 capturing potential of the species P. pubescens in the specific scenario aimed at VERs production; 3) prediction and quantification through the computational model of the CO2 equivalent tons sequestered per year, and consequently of the carbon credits that the experimental field can generate; 4) evaluation of suitability and eligibility of moso bamboo afforestation finalized to GHG (Greenhouse gases) projects in the Italian context. The computational model used for the calculation of carbon biomass captured by the bamboo plantation was formulated after a deep analysis of scientific literature and documentation released by officially and internationally recognized institutions; among these, the International Network for Bamboo and Rattan (INBAR) that is an independent and intergovernmental organization which promotes innovative solutions to support environmental sustainability. In particular, INBAR’s main lines of intervention fall within the so called REDD + projects by means of afforestation. INBAR’s methodology is internationally shared and defines requisites and procedures for accurate estimation of sequestered CO2, taking into account the dual carbon sink (plant/soil). Moso bamboo, a unique tree botanically speaking, shows an estimated segregating capacity of 7–9 t Ceq·ha−1·yr−1, that is even higher compared to a 25 years old pine tree forest (3 t Ceq ha−1 yr−1) (Nath et al., 2015). The INBAR protocol implements an afforestation project only if the principle of additionality, with respect to the baseline scenario, exists and can be verified.
Location of the Experimental Field
The bamboo plantation occupies 5 ha and it is located in Lazio district and precisely in a rural hamlet named Piè delle Piagge (LAT 41°37′00″N; LON 13°48′31″E; ALT 383 m a.s.l.) (Supplementary Figure S1), within the municipality of Atina, which is 38.08 Km distant from Frosinone, and 77.08 Km from Italian capital Rome. The municipality of Atina stretches across a hill that develops in the valley of Comino, at the western edge of a mountain complex, called Monti Bianchi, culminating in the locality Il Colle, the western offshoot of the historic center of Atina. The territory within the municipality of Atina is rather varied, and it laps both the National Park of Abruzzo, and the railway line Rome-Cassino-Caserta.
Economic and Social Context
The territory of Atina is classified as a socially disadvantaged area with an unemployment rate that is equal to 12.9% and an index of social and material vulnerability which is 100.2% according to the Italian National Statistic Institute (ISTAT, 2011). In this area, agriculture is the driving force of economy, the cultivation of wheat, corn and grapes are prevalent. The latter represent an excellent raw material because of the production of numerous high quality wines, which have been recognized as Controlled Designation of Origin (CDO). The cultivation of grapes is strongly favored by the climatic and pedological conditions of this area. Moreover, under development is the tourism, already supported by a good hospitality. The industrial sector is not particularly developed, but prominent activities are based on food, mineral, metallurgic, and building sectors. Regarding to the rural hamlet of Piè delle Piagge, the demographic profile consists of 52 inhabitants. The impact of SARS-CoV-2 pandemic on the Italian agri-food sector was really relevant, highlighting a national unprecedented economic crisis. The pandemic emergency has registered a number of dramatic consequences on the primary sector, by impacting on local agricultural productions and their food derivatives, including satellite activities (Barcaccia et al., 2020). Particularly penalized resulted the areas classified as Low intensity landscape type, category where the municipality of Atina is included. This type of classification was introduced by The Italian Ministry of Food, Agriculture and Forest Policies (ONPR, 2018), although used just in the context of the National Strategic Plan for Rural Development 2007–13. According to these classifications, the Italian rural landscape is divided into four distinct levels, based on intensity of agricultural activities, environmental features, and energy required in the primary crop production. All these factors are also relevant in the context of the Common Agricultural Policy and the Biodiversity Strategy towards 2030 (Agnoletti et al., 2020).
Geopedoclimatic Context
The geopedological context is characterized by the presence of an ancient sedimentary soil, with prevailing calcareous rocks typical of those geographic areas that are in proximity of the Appennini mountains. At high altitudes, it is possible to see calcareous outcrops, while in some zones terraces carved by deposition and erosion can be seen. This type of layering allowed the soil to save a strong fingerprint of the parent rock, without any climatic influence. In general, the land consists of calcareous soil, with abundant calcium carbonate; and sedimentary soil, made of sandstone and marl flood in the level part. Piè delle Piagge has been classified as an area with high seismic risk (level 1). Atina presents a warm and temperate climate, with considerable rainfall in winter, while low in summer (Climate Data-org, 2021). Köppen and Geiger (Köppen, 1936) classify Atina as a “Csa” climate type, where “Cs” means “temperate with dry summer”, and “a” means “temperature that exceeds 22°C in the hottest month”. Figure 1A shows the climatic plot referring to the Atina neighborhood in relation to year 2020: the line describes the annual trend of temperature which registers an average of 13.4°C; the histogram reports the data related to the monthly average rainfall, measured as millimeters of rain; the yearly rainfall registered equates 952 mm. Figure 1B shows a plot of the temperatures registered in 2020. It can be observed that August was the hottest month, with an average temperature of 22.2°C, whereas the coldest month resulted to be January, with an average temperature of 5.1°C. The climatic profile of the last 10 years (2009–2019) is characteristic of a temperate zone, with an abundant rainfall (1,234–1,606 mm y−1) and weak dryness in summer, especially in July/August. The average temperature is slightly high, ranging from 12.0 to 14.2°C: it is quite cold in winter, with an average temperature below 10° that lasts 4–5 months per year; and an average minimum temperature in the coldest month of the year ranging from 0.1 to 2.9°C. The entire province of Frosinone is characterized by a considerable hydrogeological instability; great part of the soils are threatened by serious events of floods and landslides which occur after extreme meteorological events, due to their physical and morphologic characteristics. Floods and mass movements of soil cause erosion, flow of sediments and loss of soil resources with major impacts on human activities and lives, damage to buildings and infrastructures, and depletion of agricultural land. Frosinone district holds the highest number of landslides within Lazio (Central Italy), being also considered a high-risk area (Gravina et al., 2017). Moreover, the Italian National Institute of Statistics (ISTAT) engaged a system of 175 indicators (economic, environmental and social) to quantify, for each Italian region, a sustainability score. This methodology is able to measure the performance in terms of sustainability by considering a multiple set of parameters. The sustainability score resulted to be middle to low for central Italy, with the region Lazio as the least performing (D’Adamo et al., 2021).
[image: Figure 1]FIGURE 1 | (A) Climate plot of Atina municipality related to year 2020; (B) Temperatures registered in Atina in year 2020.
Bamboo Experimental Field
In August 2015, 5,000 parent plants belonging to the species Phyllostachys pubescens (Pradelle) Mazel ex. Houz were planted in Piè delle Piagge. At the time of acquisition, the land destined to Moso cultivation was being classified as “irrigable crop land”. Parent plants were provided by “Vivai OnlyMoso” (Tavullia, Italy). In June 2016, a number of 2,600 damaged plants were displaced by new individuals. The planting scheme advised by the seller was D-840, corresponding to a density of 840 plants·ha−1. In November 2020, the good state of development of the field was evident: the plants were showing an exponential growth, usually allowed by fertile, deep and irrigated soils. In November 2020, the agronomic estimate revealed the presence of 6,500 plants·ha−1 , with an average culms height of 3.50 m. Annual productions of 7,500–12,000 Kg of sprouts·ha−1 , and of 2,500 – 6,000 culms·ha−1, respectively, were also predicted by the agronomist.
Development of Computation Model
In order to predict and quantify reliably the metric tons of carbon dioxide equivalent segregated by the bamboo field, it was necessary to develop a model, able to implement an efficient computation of the carbon stocked in the gross biomass of the bamboo field. In particular, sheaths, leaves and branches contribute to the above-ground fraction of bamboo, while the below-ground fraction consists of woody roots and rhizomes. The evaluation of carbon stock fluctuations within the plantation had to be carried out in a timeframe comprised between the planting and at least the completion of the 10th year of the bamboo life cycle. This time interval represented the “crediting period” of the actual case study, as well as the time required by plants to reach maturity. Only at this stage a neat balance between release and sequestration of carbon dioxide can be observed. Such computation of the CO2 removed by the bamboo field was based on the modified technical procedure of a CDM project within the Framework Convention on Climate Change (AR-AMS0007, UNFCCC, 2021).
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where:
Cproj,t = The net carbon stock generated by the project in year t, measured in tonnes of carbon dioxide equivalent per year (tCO2e y−1);
DCproj,t = The change in carbon stock in year t under the project scenario (tCO2e y−1);
DCBSL,t = The baseline carbon stock change in year t (tCO2e y−1);
LKt = The leakage out of project boundaries caused by project activity in year t (tCO2e y−1);
t = the years after the project started.
For the prediction of culm’s pattern change during the development of the bamboo plantation up to the mature stage (Supplementary Table S1) the trend development by Guomo et al., 2013 was used. The increment observed for each year was measured vs. the previous one. After the seventh year (age of plant’s maturity), the predictive model must take into account an annual cutting intervention that is estimated to remove 20% of mature plants. Additionally, the density increment was calculated not only according to the model reported in Supplementary Table S1, but also considering that from the 8 year on, the first thousand bamboo individuals originally planted will be dead. For the determination of allometric parameters, namely, the average diameters (DBH, diameter at breast height) and heights, of the Moso bamboo population during the period 2016–2031, the following equations from the INBAR protocol were used (Guomo et al., 2013).
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where DBH is “diameter at breast height,” H is “height,” T is “plant age” (year). The above parameters are fundamental for the calculation of the parameter W, corresponding to the value of the above ground biomass of each culm (expressed as kg · culm-1).” In order to make a correlation between the allometric equations and the field data, a correction factor (C = 0.32) was needed to take into account the geopedoclimatic context. Therefore, the culm heights were corrected by this factor, that also includes all other conditions that may have resulted in lower culm growth with respect to the INBAR protocol estimate. For the quantification of the gross above ground biomass (W), the following equation (Kuehl et al., 2013) was applied:
[image: image]
where DBH, diameter at breast height.
Once calculated the W parameter, it was used for the measurement of the above ground gross biomass per hectare:
[image: image]
In order to measure the carbon stored in the above ground biomass, the Bw value has to be further multiplied by a dimensionless value, called “carbon fraction of dry matter” (CF) (Penman et al., 2003). The CF default value is 0.5 and it is measured in tonnes C dry matter (d.m.).
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The next step consists of the conversion of the Cstored value into the CO2 stored value, namely the tons of carbon dioxide equivalent per hectare. In order to obtain such value, the Cstored must be multiplied by a dimensionless factor (f), equal to 3.66, which is the ratio between the molecular mass of CO2 and the atomic mass of C:
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Successively, to make an accurate prediction, the amount of segregated carbon dioxide that is lost after cutting must be taken into account. As above detailed, starting from the 8 years an aliquot of 20% mature culms is removed yearly, indeed decreasing the annual culm density (D). The effective amount of CO2 segregated by the above ground biomass of the bamboo plantation, after deduction of the aliquot captured by the cut biomass, has to be therefore recalculated. The calculated CO2 fraction segregated by the cut biomass has to be subtracted from the CO2 stored aliquot, in order to obtain the effective number of tCO2e captured by the entire field during the time interval of 0–15 years.
DISCUSSION
Figure 2A reports a provision of the field density increment(the number of culms ⋅ ha−1 and the total number of culms in the field) related to the first 15 years of observation, starting from 2016, when the density measured was 1,000 culms ⋅ ha−1. According to the prediction model made by Guomo et al. on the density trend during the development of the bamboo plantation, in 2020 (year 5) the calculated density proves to be 6,510 culms ha−1, that corresponds to the value certified in situ in November 2020. The figure highlights that, starting from the seventh year, the effective population of bamboo plants is lower, in consideration of the aliquot of cut plants. As can be seen in Figure 2B, that reports the changes in diameter and height vs. time, in the 10th year a reduction in both values occurs; this finding is again attributable to the cutting practice introduced after the seventh year, which leads to the removal of old and dead plants, and their parallel replacement with seedlings and younger individuals of lower size. Table 1 reports the above ground biomass values with respect to bamboo size and density. Both DBH and W values show an increasing trend up to year 9, while a drop occurs at around the 13th–15th years of plantation age. The parameter D (density) is constantly increasing because of plants propagation, whereas the Bw value decreases from year 13 (485.19 t ⋅ ha−1) to year 15 (234.95 t ⋅ ha−1). Different methodologies are available in literature for the quantification of the gross above ground biomass (Bw) of moso bamboo forests/plantations. Guomo et al. reported three different methodologies: 1) W is calculated per each culm, by taking a sample of 97 individuals in a defined area (96% reliability); 2) W is calculated per each culm, by taking a sample of 63 individuals in two defined areas (91.5% reliability); 3) W is calculated per each culm, by taking a sample of 58 individuals in a single defined area (67.8% reliability) (Guomo et al., 2013). In the present study, a computational model has been developed by modifying the models present in literature and afore mentioned. This was due to a number of specific requirements and/or characteristics of the plantation under investigation located in the Italian environment. The number of reference areas was higher, as well as the sample size; the series of equations applied was extremely simple, and basically focused on the sole average DBH; the resulting reliability index was very good. Through the exploitation of the equation set, the gross above ground biomass with correspondent stocks of C and CO2 for each hectare have been reported in Table 2. As can be seen, all the values gradually increase until year 12, to drop down in the last 3 years of the period considered. The predictive model provides a maximum of 912.83 tCO2e ⋅ ha−1; according to the model, this value must be reduced to 730.26 tCO2e ⋅ ha−1 since it is necessary to subtract the portion removed by cutting. In fact, this sink must be subtracted from the values, as reported in Supplementary Table S2. The neat sequestration power of the whole bamboo plantation has been shown in Figure 3. The maximum amount of captured CO2 is predicted to be reached on the 12th year (∼3,651.32 ca. tCO2e). A comparison between the present findings and other studies results to be difficult because of great variability in the published data. Numerous factors, including environment, management practices, biological characteristics, analytical methodologies, not least location and bamboo species, deeply contribute to this variability (Yuen et al., 2017). For instance, the average value of the above ground biomass (Bw) for moso bamboo reported by Chen et al. (2018) for a DBH of 8.48 cm was about 960 t ⋅ ha−1 vs. 156.17 t ⋅ ha−1 of our study (year 5, DBH 8.49 cm).” This difference has to be basically attributed to either the geopedoclimatic conditions (namely China) or the forest management (spontaneous growth), with the only similarities laying in the bamboo species and the analytical methodology. However, the correlation between culm density and above ground biomass is in accord with findings by Nath et al. (2015), who observed a constant increase of Bw along with D.
[image: Figure 2]FIGURE 2 | (A) Pattern of culm change during a timeframe of 15 years. Population: total number of bamboo individuals. Effective population: number of culms net of the cut fraction; (B) Culm changes in the time interval 0–15 years of bamboo plantation development. DBH, diameter at breast height; H, culm height.
TABLE 1 | Correlation of diameter (DBH) and density (D) with the amount of gross biomass above-ground of the entire plantation (W) and of each unit of land (Bw).
[image: Table 1]TABLE 2 | Gross biomass above-ground (Bw), amount of carbon and of carbon dioxide stored in the above-ground biomass (Cstored and CO2 stored).
[image: Table 2][image: Figure 3]FIGURE 3 | Net carbon dioxide fraction segregated by the entire Moso bamboo plantation after subtraction of the aliquot stored in the cut fraction (20% above-ground biomass).
CONCLUSION
From the results obtained in the present study through the application of a predictive and computational model, the following considerations can be drawn. The reconstruction of the geopedoclimatic and socioeconomic scenarios of the investigated plantation results to be fully suitable to the development of a GHG project. The climate is adequate to sustain both growth and thickening of the moso plantation as it has been widely demonstrated by field’s data, although plans for constant management are required in order to maximize its development. The important preventive action against hydrogeological instability exerted by Moso bamboo may give the GHG project additional advantages in terms of environmental protection. This management activity could be a valuable opportunity for social and economic recovery for the territory and local people. The data presented in this study confirm that the species Phyllostachys pubescens is among the most promising in contrasting climate change, and, more generally, in the implementation of strategies to reduce CO2 emissions. Future studies might be focused on the computation of the below ground carbon sink, given the lack on this specific topic shown by literature. The development and diffusion in the Italian territory of GHG projects based on afforestation with moso bamboo can be safely included within the activities oriented to an efficient socio-economic and territorial restart, and to a faster transition to sustainability in the frame of a circular bio-economy management.
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