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Abstract The increase in soil organic carbon (SOC) stocks has the potential to 
contribute to climate mitigation strategies by reducing atmospheric CO2. Short rota-
tion plantations (SRP) provide bio-based resources and can possibly accumulate 
SOC. Estimating the potential SOC stocks of short rotation plantations can help 
decision-makers to implement strategies that reduce SOC loss and thus contribute to 
climate change mitigation. The dynamic changes in SOC were estimated for a case 
study using the RothC carbon turnover model. The results indicate that SOC stocks 
increased from 37.8 to 48.52 t C/ha within 20 years of the plantation’s lifetime. Thus, 
an annual average increase of 0.535 t C/ha year is expected. Given the importance 
of implementing strategies that support the potential climate mitigation benefits of 
SRP, a sensitivity analysis was employed to identify the relevant factors that affected 
SOC prediction. For instance, the influence of soil condition heterogeneity, such as 
clay content, can vary the estimations of SOC accumulated. This highlights the rele-
vance of obtaining primary data at different locations within the plantation’s areas: 
to obtain a variety of SOC stock estimations that give a better representation of SOC 
accumulation. Such analysis help to propose suggestions that mitigate the climate 
effect of short rotation plantations. 
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5.1 Introduction 

In light of the global need to deal with the predicted consequences of anthropogenic 
generated climate change, it has become imperative to implement strategies for atmo-
spheric CO2 reduction (IPCC 2022). An increase in global soil organic carbon (SOC) 
stocks is considered one of the most promising and important climate change mitiga-
tion (CCM) strategies to date (Minasny et al. 2017), as indicated at the 21st Confer-
ence of the Parties in Paris in 2015, where the “4 per 1000 soils for Food Security 
and Climate” initiative was launched. It was proposed that with an annual increase 
of 0.4% of SOC stocks in the top soil layers (within 1 m), a reduction of 20–35% 
of global anthropogenic greenhouse gasses (GHG) emissions could be achieved, 
allowing nations committed to the Paris accord to make significant strides towards 
that goal (Fantin et al. 2022; Rumpel et al. 2020). 

Considering the increase in biomass demand for material use and renewable 
energy (Schmidt-Walter 2019), SRP might help to provide another source of woody 
material (Buchholz et al. 2005; Zanchi et al. 2013). The cultivation of fast-growing 
trees, such as poplar (Populus) in SRP like short rotation coppice, agricultural wood 
production, short rotation wood cultivation) has been presented as an attractive agri-
cultural practice to provide woody bio-mass and simultaneously increment SOC 
stocks, particularly when substituting previous agricultural land or marginal land 
(Don et al. 2012). Compared to annual crops, SRP are perennial crops that lower soil 
disturbance, which allows better incorporation of root and leaf litter into the soil, 
consequently maintaining or generating SOC accumulation (Don et al. 2012). 

Growing number of scientific research studies on Life Cycle Assessments (LCA) 
of SRPs and their potential contribution to climate change mitigation demonstrate 
the relevance of estimating SOC dynamics to evaluate the mitigation potential and 
develop strategies that support the sustainable management of SRP (Clarke et al. 
2019; Lockwell et al. 2012; Petersen et al. 2013; Rytter et al. 2015). For instance, 
by identifying the agricultural practices that affect SOC accumulation, strategies to 
increase SOC in SRP can be deduced. A main issue in deducing such strategies is 
the challenge of calculating SOC ex-ante to SRP establishment when primary data is 
still absent (Rowe et al. 2020). As for previous LCA studies (e.g., Barancikova et al. 
2010; Berhongaray et al. 2017), the focus of this study is mainly on SOC computation, 
however, with the specific goal of closing the knowledge gap regarding modeling of 
SOC for SRP ex-ante to its establishment. 

Methods for assessing SOC changes in agricultural LCA have been previously 
classified between those based on observation, emissions factors, and simulation 
models (Goglio et al. 2015. Observation methods are grounded in direct field 
measurements, providing the highest certainty level of primary data for LCAs (e.g., 
McClean 2014; Pacaldo et al. 2013). However, the long-term nature of SRP and the 
inherent required time (e.g., one year) to accumulate SOC, inhibit performing direct 
measurements and consequently they are not viable for early assessments. Emissions 
factors, such as those used by the IPCC Tier 1 method (IPCC 2019), were devel-
oped from national and international statistical data; however, they lack spatial and
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temporal precision to account for site-specific soil and climate characteristics (Hillier 
et al. 2009). Alternatively, carbon turnover (CT) simulation models (e.g., RothC) 
allow for the integration of soil (e.g., clay content) and climate (e.g., temperature 
changes) effects. Goglio et al. (2015) classified CT models between Simple Carbon 
Models (SCM), and Dynamic Crop-climate-soil Models (DCM). SCM involves a 
simpler set of equations, as they do not include crop production interactions and 
are usually operated on a monthly or yearly basis. DCM includes the interactions 
between crop production, SOC change, Nitrogen cycles, and GHG emissions on a 
daily time-step basis (e.g., CENTURY, DNDC). Nevertheless, for both SCM and 
DCM, the results are fully dependent on the model’s calibration and the data entry 
into the models (Goglio et al. 2015; Rampazzo Todorovic et al. 2010). In compar-
ison to DCM, SCM are easier to implement due to lower data requirement. Such A 
characteristic makes SCM an attractive option for estimating soil carbon accumula-
tion ex-ante to SRP establishment or in early phases. Nevertheless, there are at least 
three critical challenges that make implementing models to quantify soil organic 
carbon dynamics/stocks difficult in the context of recently established SRP and SOC 
predictions: (1) SCT model accuracy depends on the availability and quality of data 
to calibrate the models to similar field conditions (Ericsson 2015; Fantin et al. 2022); 
(2) Heterogeneity of local conditions (e.g., soil type, microclimate) and its spatial 
effects (Goglio et al. 2015); (3) Accounting for the plantation’s lifetime (Harris et al. 
2015). 

The present study aimed to analyze these three challenges, as well as deliver 
suggestions on how to deal with them in the context of implementing SCT models for 
predicting SOC dynamics, and subsequent effects on climate impacts of Poplar SRP 
during the early stages of establishment. Moreover, by predicting the SOC dynamics 
at an early stage, we attempted to deduce agricultural strategies that support SOC 
accumulation in SRP. Therefore, a case study of a Slovakian SRP was studied. The 
case investigated is part of the European funded demonstration project Dendromass 
for Europe (D4EU), which aims to establish sustainable SRP-based regional dendro-
mass cropping systems on marginal land that feeds its dendromass into the production 
of bio-based products. 

The specific objectives of the study are to: 

1. Calculate the potential SOC accumulation of Poplar under the site conditions at 
Brodské, Slovakia by using a SCT model. 

2. Assess the climate impacts from growing Poplar SRC in a 5, 10 and 20-year 
timespan. 

3. Identify the factors that affect predicting SOC dynamics during the early stages 
of an SRC value chain.
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5.2 Methods 

The objectives of the study were addressed through the combination of a literature 
review and experiences from a case study described below (Sects. 5.2.1 and 5.2.2). 
The carbon turnover model RothC V.26.3 by Coleman and Jenkinson (2014) was  
used to model SOC levels. The RothC model was selected since it is one of the most 
used SCM implemented in LCA (Albers et al. 2020). Subsequently, the results were 
combined with the results of an LCA study (Perdomo et al. 2021) to estimate the  
climate impacts of growing Poplar SRC in a 5-, 10- and 20-year timespan, which is the 
five-year rotation cycle for harvesting the woody material. The climate impacts were 
assessed based on the Global Warming Potential 100 (GWP100) indicator. Within the 
following sub-sections, the case study and the SOC calculations are described. 

5.2.1 System Description 

The Poplar SRP was planned for a cultivation of 20 years with a five-year harvesting 
cycle. As illustrated in Fig. 5.1, the first operational step is preparing the land 
for planting the poplar rods with the activities of heavy disking, ploughing, and 
harrowing. The rods were planted by combining manual labor and machinery. During 
the first four years of plantation, disk harrowing was necessary for weed control. 
Singling and partially pruning were done manually to select the supporting domi-
nant shoot, as such a step was necessary after every harvest. In the harvesting phase, 
a multi-stem fully mechanized harvesting approach was implemented every fifth 
year. The last harvest is done after 20 years to complete four harvesting cycles. It is 
assumed that the end of the life of the plantation is constituted by ploughing the land 
and extracting the wood stems and roots so that the land can be converted back to 
annual arable cultivation conditions. It must be noted that the effects of recultivating 
the land after 20 years of SRP cultivation were only accounted for in the calculations 
of the potential environmental impacts of the agricultural operations. The conse-
quences of ploughing the land, wood stems, and root extraction were not considered 
within the SOC stock estimation. Such exclusion presents a limitation of the present 
study, and it is justified by the lack of SOC primary data. Firstly, the collection of 
such data was not possible since the plantation’s end of life has not been reached yet, 
making the data collection unviable. Secondly, as this data is not available, it was 
decided to not model the end of life effects as the SCM RothC V.26.3 carbon turnover 
model needs reference data to reduce the uncertainties of the results. Nevertheless, 
the relevance of the impacts of plantations’ end of life on SOC is deliberated within 
the discussion section.
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Fig. 5.1 Flow diagram for SRP production system 

5.2.2 Site Conditions and Field Data 

The SRC plantation is in Malacky, within the Pannonian Basin. Primary climate 
data, such as temperature and precipitation (Table 5.1), were measured in Brodské, 
Slovakia (Fontenla-Razzetto et al. 2022). Since Brodské and Malacky are located 
within the Pannonian Basin it was assumed that the climate data were transferable 
for both areas, since both areas are within the same biogeographic region. The former 
land use was a cornfield, which presented an SOC content at 0–30 cm soil depth of 
37.8 t ha−1, with a bulk soil density of 1.25 t (m3)−1, and 4.9% clay content (Rossi 
2018). Field trails estimated an average poplar yield of 8.1 dry t ha−1.
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Table 5.1 Climate data used for RothC V.26.3 (modified from Fürtner et al. 2022) 

Date Average mean 
temperature (°C) 

Average mean 
precipitation (mm) 

Average mean ETP 
Penman–Monteith (mm) 

May.18 20.40 1.00 4.107 

Jul.18 20.95 1.23 4,002 

Sep.18 16.03 3.56 2.02 

Nov.18 9.02 0.47 0.34 

Jan.19 0.17 1.51 0.43 

Mar.19 7.17 0.76 0.97 

Jun.19 22.02 1.06 4.56 

Aug.19 21.17 1.69 3.25 

Oct.19 10.86 0.92 0.68 

Dec.19 2.52 1.65 0.16 

Feb.20 5.59 1.0 0.84 

Mar.20 5.85 0.76 1.39 

5.2.3 Soil Organic Carbon Modeling 

The RothC V.26.3 carbon turnover model was used to estimate the SOC levels during 
a 20-year timespan. The model has been used to evaluate carbon turnover in arable 
soils in England; nevertheless, its use has extended to other ecosystems by cali-
brating the model to site-dependent conditions (Barancikova et al. 2010). SOC in 
non-waterlogged surface soils is calculated in a monthly time step as a function of 
vegetation cover, climate conditions, soil type, and soil management. The model is 
based on the physical–chemical interactions of four active pools, such as Resistant 
Plant Material (RPM); Decomposable Plant Material (DPM); Microbial Biomass 
(BIO); Humified Organic Matter (HUM), and one inactive pool Inert Organic Matter 
(IOM), which is not involved in the turnover processes. The RothC model was cali-
brated to the SRP site climate condition based on the procedures Rampazzo Todorovic 
et al. (2010) described. Thus, the RothC model was translated to a Microsoft Excel 
spreadsheet, where inverse modeling was used to integrate the site climate condi-
tions and calculate the model initialization parameters (RPM, DPM, RPM, and BIO) 
which are based on the distribution of initial SOC (SOCin) (Morais et al. 2018). As 
presented in Fig. 5.2, before the calibration procedure, the measured SOCin (SOCin 

MS), % clay content, and climate data as Temperature (T), Pressure (P) and Evap-
otranspiration (ET) were entered into the model as constant variables. Afterward, 
the calibration was done by modifying the plant input data until the SOCin (MS) 
and calculated SOCin (SOCin (C)) had reached a root square mean error below 0.5. 
After the match between SOCin (MS) and SOCin (C) was achieved, the new model 
initialization parameters (IOM, RPM, HUM and BIO) were utilized to represent the 
distribution of organic C in the soil pools. Figure 5.3 presents the calibration results.
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Fig. 5.2 Calibration process of RothC model 
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Fig. 5.3 Results of calibration of RothC model 

SOC predictions were calculated after the carbon turnover model was calibrated. 
The main input data were plant carbon input, which was divided between below-
ground and aboveground carbon input (BGC and AGC). For the AGC, it was assumed 
that during the harvesting event, no woody material was left on the field; thus, the
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only carbon input comes from the leaf material. As no direct measurements for 
either AGC and BGC were available, it was necessary to estimate the inputs based 
on empirical equations and previous field data. Thus, following Eqs. 5.1, 5.2, and 
5.3 by Gorgan and Matthews (2002) both carbon pool inputs were estimated. The 
procedure is described below. 

Aboveground input
(
WCin; tCha−1) : WCin = LAI · fC 

SLA 
+ WAG, fwa (5.1) 

where, 

WCin = Aboveground carbon input in tons (tC) per ha (from leaves and wood); 

LAI = Leaf Area Index; 
fC = fraction of carbon in leaves; 
SLA = Specific Leaf Area; 
WAG = Carbon input from woody material (assumed to be zero); 

fwa = fraction of carbon in woody material. 
The SLA and LAI were estimated by combining primary data from a previous 

field study (Heilig et al. 2020), and by corresponding regression analysis between 
variables. The field study provided the following: diameter at breast height (DBH), 
height (m), and leaf area index (LAI), as in Table 5.2 such values were used to 
estimate the missing LAI for the subsequent years (displayed as "?" in Table 5.2). 
The procedure is visualized in Figs. 5.4 and 5.5. 

Parting from a similar procedure, Eq. 5.2 presents the method from Gorgan and 
Matthews (2002) to estimate BGC input. The first part of the equation represents input 
due to fine root turnover (root senescence, root respiration, and root rhizodeposition), 
whereas the second part considers the input due to death and decay of structural roots. 
Table 5.3 presents a summary of the data used to calculate the BGC input. As shown, 
a combination of literature and primary data was used. Primary data were available

Table 5.2 Relationship 
between measured and 
calculated tree parameters 
(Heilig et al. 2020) 

Age DBH (cm) h (m) Leaf area index 

2.5 2.7 4.1 0.35 

2.5 3 5.4 0.56 

3.5 5.4 7 1.38 

3.5 8.4 7.7 2.77 

3.5 11.4 9.5 5.01 

4 9.7 9.9 ? 

4 8.3 8.7 ? 

5 15.2 12 ? 

6 ? ? ?
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Fig. 5.4 Procedure for estimating SLA and LAI 

Fig. 5.5 Estimated Relationship between DBH and aboveground carbon input

from previous field studies. 

Belowground input
(
WRin; tCha−1

) : WRin = Wyield, Fr, Ffrto + WBG · fwb (5.2) 

where, belowground carbon input in tons (tC) per ha 

Wyield = Above ground yield;

Table 5.3 Belowground carbon input data 

Ffrto 0.85 (Grogan P.* and Matthews 2002) 

Fr 0.205 Primary data (Meyer M. et al., 2021) 

Wyield (tC ha−1 a−1) 3.85 Primary data provided by project partners 

WBG (tC ha−1 a−1) 0.788 Primary data provided by project partners 

T 5 Number of years since the last coppicing cycle 
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Fr = Root to Shoot Ratio; 
Ffrto = Fraction of below ground carbon lost due to fine root turnover; 
WBG = Weight of carbon below ground in the root system; 

fwb = fraction of the below ground carbon input that enters the fresh carbon. 
The total plant carbon input Ci was estimated by summing the above and 

belowground carbon input as presented in Eq. 5.3. 

Total plant carbon input
(
Ci; tCha−1

) : Ci = WCin + WRin (5.3) 

5.2.4 Sensitivity Analysis 

Based on information from previous field studies and literature data, a sensitivity 
analysis was conducted by varying the value of one parameter, while maintaining 
the others constant. The main three observed parameters were soil conditions with the 
indicator of % clay, aboveground wood production, and time horizons. The parame-
ters were selected in order to understand the effects of data variability, heterogeneity 
in local conditions, and different time horizons. Consequently, it was assumed that 
climate conditions would remain constant. Furthermore, the results of the sensi-
tivity analysis scenarios were compared to the total climate impact from agricultural 
operations, which were previously estimated through an LCA study (Perdomo et al. 
2021). 

5.3 Results 

5.3.1 Prediction of SOC 

Starting from the initial SOC content of 37.8 tC ha−1 before the land use changes 
from annual cropping to SRP, the results indicate that after 20 years there is SOC 
accumulation to about 48.52 tC ha−1 (Fig. 5.6), corresponding to a total annual 
average increase of 0.535 tC ha−1 a−1. During the first four years of plantation, a 
decrease of approximately 9.1% in SOC occurred due to less carbon input from 
AGC and BGC compared to the carbon turnover processes of the SRC plantation. 
After the 5th year, SOC increased above the initial amount; however, during the first 
years after the first harvesting event, SOC stocks decreased. Approximately, after 
year 10, when the second harvest occurred, SOC stocks remained above the initial 
SOC levels. These results indicate that for the poplar SRC plantation case study, it 
takes approximately 10 years for the SOC stocks to be constantly above the initial 
SOC.
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Fig. 5.6 SOC stocks during 20 years of plantation 

5.3.2 Influence of Plantation Lifetime 

The sensitivity analysis results for the net SOC stocks, the climate impacts from the 
agricultural operation, and the net carbon balance are shown in Fig. 5.7. A negative  
value of carbon balance means that there is a net decrease of GHG concentration 
in the atmosphere, consequently generating a CM effect. Considering the scenarios 
T1 (5 years), T2 (10 years), and T3 (20 years), the results (Fig. 5.7) show how  the  
scenarios with the lowest lifetime have a lower SOC accumulation and consequently 
a smaller amount of net carbon mitigation. The influence of the plantations lifetime 
can be further understood by the results of the carbon fluxes (Fig. 5.8). During the first 
two years, and after each harvesting event, the carbon turnover processes generate 
higher amounts of emitted carbon to the atmosphere than the carbon sequestered by 
the trees. Thus, positive values (Fig. 5.8) of carbon flow (t ha−1) occur. After the 
third year of the initial plantation and each harvesting event, the amount of carbon 
sequestered is higher than the emitted carbon. Moreover, it is between years four and 
five, when the negative carbon fluxes (Fig. 5.8) generate a higher SOC stock than the 
initial SOC (Fig. 5.6). We noticed that the increases in SOC accumulation through the 
plantation’s lifetime outstand the emissions from the agricultural operation. Hence, 
the climate mitigation potential increases substantially together with the SRP lifetime 
since higher levels of SOC accumulation are achieved. It must be noted that the effects 
related to recultivation were only accounted for in the calculations of the potential 
environmental impacts of the agricultural operations—the SOC could not be modeled 
due to a lack of data.
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T1 (5years) T2 (10years) T3 (20years) 
Agricultural operations 27 30 37 
SOC -53 -106 -245 
Net Balance -26 -75 -209

-300

-250

-200

-150

-100

-50 

0 

50 

100 

kg
 C

O
2 

eq
 d

ry
 to

n-1
 

Fig. 5.7 Sensitivity analysis for plantation lifetime. Net carbon balance
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Fig. 5.8 Result of the carbon fluxes (difference between carbon emitted to the atmosphere and 
carbon sequestered) 

5.3.3 Influence of Clay Content 

The heterogeneity of soil conditions was assessed by changing the clay content 
between 3.7 and 10.60%. The scenarios analyzed are presented in Table 5.4. As a  
consequence of different clay contents, the SOC varies from about 48 to 51 tC ha−1 

(Fig. 5.9). The higher the clay content, the higher the SOC accumulation. During the
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Table 5.4 Scenarios for soil 
heterogeneity based on 
different clay content 

Scenarios % of Clay 

S1 3.70 

S2 4.20 

SBase 4.95 

S3 7.60 

S4 10.66 
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Fig. 5.9 Predicted relationship between clay content and SOC stocks 

first six years, the impact of different clay content can be considered to be indifferent, 
as the differences between the scenarios are minimal. However, after the seventh year, 
the scenarios with the higher clay content (S3 and S4) start to show greater SOC 
levels. The impact of different clay contents is reflected in the total carbon balance 
of the system, which varies between −37.64 and −45.89 tCO2eq ha−1, indicating that 
the system acts as a carbon sink. 

5.3.4 Influence of Aboveground Wood Production 

To understand the influence of different yield amounts on SOC, the sensitivity anal-
ysis varied the aboveground wood production (AGWP) between the annual averages 
of 5 (Y1), 8 (Ybase), and 10 (Y3) dry tons. The results presented in Figures SM 5.1 
and SM 5.2 (electronic supplementary material) show a minimal difference between 
the studied scenarios. For example, scenarios Y1 and Y3, which represent the 5 and 
10 dry ton year−1 scenarios, result in a relative difference of the SOC of 0.003%.
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5.4 Discussion 

5.4.1 Plantation Lifetime and Consideration of Wood-Carbon 
in the C-Balance 

The analysis of the SRP revealed that its cultivation within a 20-year period can poten-
tially mitigate climate change, as it presents a net SOC sock (Fig. 5.7). Previous 
studies on SRP have indicated similar results. For instance, Mishra et al. (2013) 
showed how the conversion from cropland to SRC-based miscanthus presented an 
SOC rate of 0.16–0.82 tC ha−1 a−1. Besides the benefits during the plantation lifetime, 
Whittaker et al. (2016) discussed how the end of life of the plantation, specifically, 
the land rehabilitation steps to recultivate the land to other land use, could disturb 
the SOC levels and reverse the CM benefits gained. Therefore, the carbon seques-
tration effect could be temporary and is dependent on the impact of the recultivation 
method used to terminate the plantation, as well as the subsequent land use applied. 
Contrary, Wachendroft et al. (2017) reported that the SOC accumulation in coarse 
SRP could last even after years of termination, mainly when stumps and roots that 
are broken down are left in the field. This emphasizes the importance of including 
the impacts of land transformation on SOC stocks accounting. Furthermore, it is 
essential that management plans also consider the factors that could reduce the CM 
effect. For example, regarding management plans, Rowe et al. (2020) mentioned the 
post-removal land management and the longevity of the SRC crop prior to rever-
sion and soil type. Such discussion shows how considering the plantations lifetime 
already at the early stages of the project development supports the knowledge of the 
potential climate mitigation benefits of SRC plantations. For example, by knowing 
the potential SOC accumulation, the carbon payback period, which indicates the 
minimum years that are needed for sufficient SOC to accumulate and overcome 
emissions from agricultural practices and the generation of related products, could 
be estimated (Jonker et al. 2014). 

5.4.2 Soil Conditions and SOC 

The heterogeneity in land conditions was represented by analyzing the influence of 
different clay content values on SOC stocks. The analysis presented that soils with 
higher clay content result in greater SOC accumulation, indicating that clay content 
is an important factor driving the CM potential of SRP. Moreover, the results indicate 
the importance of understanding and accounting for heterogeneity in soil conditions. 
Especially, for SRP that extend to large plantation areas where geographical variation 
and greater heterogeneity in soil conditions are likely, accounting for such hetero-
geneities is of most importance. Similar findings have been recorded by Agostini 
et al. (2015), in which they discuss the effect of clay content on carbon retention 
and storage in soil, with an emphasis on its role in long-term carbon retention. The
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influence of clay content has been previously mentioned; for example, Jagadamma 
and Lal (2010) reported that the clay fraction of agricultural soils accumulated more 
SOC than other fractions (e.g., sand and silt fraction). Adding to this knowledge, 
Zhong et al. (2018) mention that the relationship between SOC and clay content is 
strongly influenced by climate conditions, particularly due to moisture conditions. 

Besides clay content, another relevant factor influencing the net CM effect is the 
effect of initial SOC stocks, which are also dependent on the previous land use (Hillier 
et al. 2009). Parting from this knowledge, it is estimated that if for our case study 
the initial SOC stocks were below 34 t C ha−1, combined with low clay content and 
a short project lifetime of 5 years, the net carbon balance would tend to be positive, 
thus reducing the CM effect. 

5.4.3 Aboveground Carbon and SOC 

There is a minimal influence of AGWP on SOC stocks (Fig. 5.9), as Peterson 
and Lajtha (2013) uncovered. The authors expected a positive relationship between 
AGWP and SOC due to the link between AGWP and leaf fall to carbon input. 
However, no correlation to SOC stocks, C content of the soil, or the dissolved organic 
carbon pool was found. An additional explanation of this result is the influence of the 
assumptions carried in the calculations of carbon plant input. First, it was assumed 
that the total aboveground wood and branches were fully collected during the harvest 
process; thus, the only carbon input was generated from leaf carbon input (Eq. 5.1). 
For estimating the leaf carbon input, the correlations presented in Fig. 5.4 show the 
relationship between the variables: tree age, tree height, leaf area index, and specific 
leaf area. However, it was not possible to establish a relationship between the previous 
variables and aboveground wood production (yield). Hence, it was assumed that for 
the scenarios (Y1, Y2, and Y3), the leaf carbon input remained constant as in the 
initial base case. Second, the aboveground wood production influences the carbon 
input through the root system (Eq. 5.2). Though, the effects due to the increase or 
decrease in wood yield to the root system were minimal. Therefore, the total carbon 
input from the scenarios studied (Y1, Y2 and Y3) had little influence on the total 
SOC accumulated. Similar conclusions were discussed by Hillier et al. (2009), who 
highlighted that variations in SOC for SRP were mainly due to the calibration of plant 
carbon input to soil vs yield, rather than only production yields, thereby emphasizing 
the need for calibration based on primary data. In conclusion, to better understand 
the influence of aboveground wood production, it would be necessary to deal with 
the assumptions described above.
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5.4.4 Data and SOC Calculation 

The scarcity of data is one of the biggest challenges in determining the potential 
CM effects of SRC-based projects. The influence of spatial heterogeneity, as clay 
content, indicates that SOC should be estimated at several locations within the SRP, 
particularly, for projects with large plantation areas. Thus, agreeing with Kalita et al. 
(2021), the estimation of SOC stocks should not be transferable between projects in, 
for instance, different geographical regions. 

5.5 Conclusion 

The importance of estimating the potential SOC accumulation is demonstrated by 
its influence on the total carbon balance of SRP production systems. Particularly, 
as mentioned in the Introduction, the estimation of SOC levels ex-ante or during 
early stages of the plantation establishment and its potential evolution during the 
plantation’s lifetime can serve to design strategies that aid in achieving a climate 
mitigation effect. For instance, through the case study and sensitivity analysis in this 
study, the following suggestions are derived: 

(i) In terms of the management plan for SRC plantations, it is suggested that 
during the conversion from previous land use to SRP, soil disturbances that 
have a negative impact on SOC stocks should be reduced (e.g., soil tillage); 

(ii) Plantation maintenance, such as weed control, should be carried out by methods 
that have a low negative or even a positive impact on SOC stocks, for instance, 
manual instead of mechanical weed control; 

(iii) Regarding the data collection for predicting SOC levels, decision-makers 
should develop a monitoring plan at the early stages of the project that involves 
the collection of yield, soil, climate data. Such data would serve to run the 
first modeling of SOC dynamics, as well as update the model together with 
the plantation development. Consequently, a feedback loop between data input 
and SOC modeling is elaborated; 

(iv) Knowing the initial SOC from previous land use is essential for predicting the 
potential CM effect. Thus, within the project management plan, representative 
soil samples should be taken before the plantation’s establishment; 

(v) After predicting the potential development of SOC, the payback period 
necessary for the project to have a climate mitigation effect should be estimated. 

(vi) In order to estimate accurately the potential carbon mitigation effect of SRC 
projects, it is necessary to include the impacts of the plantation’s end of life. 

In conclusion, integrating the prediction of SOC stocks into the early development 
stages of a SRP-based project can help project managers understand the potential 
CM benefits of the project, and also support the planning of sustainable management 
strategies that improve the CM effect. Data on SOC generated ex-ante are expected to
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play an important role for evaluation and decision-making including environmental 
considerations of investments This provides arguments for establishing such a planta-
tion on lands where the SOC stocks could be improved by SRP. The present study has 
highlighted the relationship between plantation lifetime, clay content, aboveground 
biomass, and SOC accumulation. Thus, it shows the importance of designing SRP 
projects that include consistent evaluation of SOC stocks from the very beginning of 
the project development, as this would determine the potential CM benefits. 
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