SIS R E AR K 2 S53 Wi AxM 295

Evaluating Biomass and Carbon Stock Responses to Thinning and
Pruning in Mature Larix principis-rupprechtii Stands: A Case Study
from Northern China

Jamshid Ali 2, *Jia Zhongkui'~

IState Key Laboratory of Efficient Production of Forest Resources, Beijing Forestry University, Beijing 100083, People
's Republic of China
2Engineering Technology Research Center of Pinus tabuliformis of National Forestry and Grassland Administration, Bei
jing Forestry University, Beijing 100083, People's Republic of China
alijamshid084@gmail.com jiazk@163.com

Abstract

Forestry management operations significantly influence biomass accumulation and carbon sequestration, essential
factors for climate change mitigation. The study focuses on the 50-year-age Larix principis-rupprechtii Mayr plantations
at Saihanba Mechanical Forest Farm, Northern China, assessing how varying intensities of thinning and pruning influence
biomass and carbon stocks. The experimental design included 45 plots subjected to 15 treatments having a combination
with five thinning (T0:0%, T1:10%, T2: 20%, T3: 30%, T4: 35%) and three pruning intensity levels (PO: 1:2, P1: 1:3, P2:
2:3), with comprehensive assessments of aboveground biomass (AGB), belowground biomass (BGB) and Total Biomass.
The statistical significance of differences between treatment groups was assessed using Analysis of Variance (ANOVA).
Regression analysis was used to explore the relationships between silvicultural treatment intensities and forest growth
responses. This involved fitting linear models to predict forest metrics (dependent variables) from treatment intensities
(independent variables). Results indicate an apparent reduction in AGB, BGB, and total biomass with increasing thinning
intensity, showing a decrease in AGB and BGB by up to 42.13% and 42.57% compared to the control treatment. The
percentage decrease in total biomass from the control treatment, TOPO, to the most intensive treatment, T4P2, is
approximately 42.44%. The percentage decrease in total carbon over the same treatments is about 44.18%. The soil
organic carbon (SOC) decreased by 35.56% compared to the control treatment. Pruning influences tree structure and
health. The findings highlight the complex interactions between forest management practices and carbon dynamics. They
underscore the adoption of light, moderate thinning, and light, pruning strategies, which can sustain the forest's carbon
sequestration capabilities while maintaining forest health and productivity. This study provides empirical evidence to
guide future forest management decisions, emphasizing the critical balance needed to maximize forest health and carbon
sequestration potential.

Keywords: Forest management, biomass, carbon stocks, thinning intensity, pruning, L. principis-rupprechtii,

climate change mitigation, carbon sequestration.

1. Introduction

The main factor of global warming is recognized to be a rapid increase in greenhouse gases, primarily carbon dioxide
(CO») (Barzagli & Mani, 2019). Therefore, under the Kyoto Protocol and the Paris Agreement, decreasing the amount of
CO; in the atmosphere is an essential issue for nations; photosynthesis allows trees to sequester carbon (Nunes et al.,
2020; Ussiri & Lal, 2017). Forests act as necessary carbon sinks because they are crucial in the terrestrial ecosystems'

carbon cycles (Keenan & Williams, 2018; Sha et al., 2022). The Kyoto Protocol's Articles 3.3 and 3.4 recognize the
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potential role of forests in reducing climate change. They state that forest carbon sequestration—primarily through
reforestation and afforestation— is a crucial method for reducing carbon emissions at the local, regional, national, and
even global levels (Dar et al., 2020).

Many nations and areas have committed to achieving carbon neutrality within specific time frames to minimize CO;
emissions. China committed to achieving carbon neutrality by 2060, and 66 other parties committed to achieving net-zero
emissions at the September 2019 United Nations Climate Action Summit (Action, 2020). Since the 1970s, China has
implemented extensive afforestation and reforestation projects that protect the ecological environment. China currently
holds the top rank in the world for the largest area of plantation forests, with an increase in forest area from 12.7% in
early 1970 to 21.6% in 2013; China's forests are responding well to the world's effort to neutralize carbon emissions
(Cheng et al., 2023; Vista et al., 2016).

The most common way of manipulating plantation growth among forest management techniques is thinning (Gabira
et al., 2023; Ruiz-Peinado et al., 2017). By improving stand vigor and reducing competition among the surviving trees,
thinning can increase volume growth for commercial reasons (Vernon et al., 2018). Thus, it can raise the harvest value by
making the timber more marketable in size, quantity, and quality (Putz & Romero, 2015). Benefits of thinning include:
(1) removing weak, disease- and insect-susceptible, and undesired tree phenotypes can improve forest health by reducing
tree mortality (2) Improving stand density can increase pest resistance and stand vigor (3) improving biodiversity by
adjusting tree growth to redistribute site components (J.-C. Lin et al., 2018a). Both at the individual tree and stand levels,
thinning influences tree growth. Additional research proved that thinning can promote the growth of stands (Alm, 2019;
Maikinen et al., 2021). Thinning also affects respiration and tree biomass loss, which changes the carbon dynamics in
forests. Because of the years-long removal of aboveground trees changes how organic matter decomposes in soil (Fekadu
Hailu et al., 2021). It creates spaces for the remaining trees, and thinning is a helpful treatment technique to improve the
light environment in forests. Past studies on increasing light intensity showed that thinning promotes reproduction (Lu et
al., 2018; Matsushita et al., 2022). Cone formation in larch orchards is well correlated with increases in light intensity (Li
et al., 2021). However after the thinning, the remaining trees grow bigger and have larger crowns (Dobner et al., 2019;
Gongalves, 2021). Allowing the spaces between crowns to fill up following thinning frequently (Juchheim et al., 2017;
Pretzsch, 2014). Forest trees are pruned to produce veneer logs and timber free of knots, which increases the plantation's
value. Although pruning can impact growth in both height and diameter, these effects are frequently limited and temporary
(Dufour, 2019; Lewark, 2022). Pruning can instantly improve light usage proficiency and even increase photosynthetic
rates in the maintained upper canopy because low-intensity pruning eliminates the crown's lowest and relatively inefficient
regions(Forrester et al., 2012, 2013). Along with the degree of defoliation, other factors that vary depending on the site
include the time of pruning and how stand density reacts to it (Lisboa et al., 2014). Pruning has less of an impact on good
sites than on poor sites (Montagu et al., 2003; Viquez & Pérez, 2005).

The primary source of carbon in the global cycle is biomass from forests. When forests are preserved, they serve as
a sink for carbon and a source of when they are burned. (Joshi & Singh, 2020). An increase in forest cover is required to

improve carbon sinks and slow down global warming, especially in areas with low forest cover and increasing populations
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(Kay et al., 2019). An accurate assessment of carbon sources and sinks is necessary for the growth of the global carbon
market (Olivier & Berdowski, 2021). While the fact that trees are carbon sinks, estimating their potential is filled with
uncertainty (Yanai et al., 2020). Converting field data of tree height, basal area, and diameter at 1.3 m height (DBH) to
biomass is the primary uncertainty (Khan et al., 2020). A vital phase in estimating biomass from field-based measurements
is the use of biomass equations. These equations are based on a dimensional analysis called allometry, a functional
relationship between tree or forest stand estimating one or more predictable variables like DBH, height, and basal area
(Daba & Soromessa, 2019). The distribution of biomass among aboveground components, like leaves, branches, and
stems, and below-ground components, such coarse roots, the tissue carbon content of leaves, stems, and roots, the total
number of trees, and stand basal area, all affect total forest carbon (Forest et al., 2018; Siddiq et al., 2021). Large basal
areas in dense forests store more carbon than young, scattered forests (Lazaro-Lobo et al., 2023).

Because of its strong environmental adaptation and the significance and performance of its wood, Warm temperate
subalpine regions are ideal for the growth and spread of larch (L. principis-rupprechtii Mayr), one of the primary
afforestation tree species in northern China with significant social, economic, and ecological importance. Trees are
essential carbon sinks (Giweta, 2020; Krueger et al., 2017; Tebeje, 2020). To study stand structure and function, precise
estimates of Larix principis-rupprechtii biomass are essential to reach the target of neutralizing global carbon and
reducing its peak. Evaluation of its potential for production on the effects of and adaptation to climate change (Dong et
al., 2022; Hao et al., 2024; Yuan et al., 2023). We investigated the influence of thinning and pruning intensities on several
components of biomass and carbon storage in larch stands at the Saihanba Mechanical Forest Farm in Chengde City,
Hebei Province, China. We hypothesized that more intensive thinning and pruning would reduce biomass and carbon
stocks in L. p-r plantations at varying elevations, aspects, and slopes. Besides that, this study aimed to understand whether
elevation, aspect, and slope influence the growth parameters of trees, forest biomass, and carbon stock in the stands
managed under different silvicultural intensities.

2. Materials and Methods

2.1. Location and Description of the Study Area
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The study area included the Saihanba Mechanical Forest Farm located in Hebei Province, with coordinates (42°02'—-
42°36' N and 116°51'-117°39" E). This site falls within the warm temperate continental monsoon climate zone. The
elevation ranges from 1600 to 1800 meters above sea level, with higher terrain in the north compared to the south. The
landscape primarily consists of mountains and plateaus. The average annual temperature varies from -43.3°C to 33.4°C,
with a mean temperature of -1.2°C. The region experiences an annual evaporation of 1,388 mm and precipitation of 452.2
mm. Common soil types include acolian sandy soil, meadow soil, brown soil, and grey forest soil. The forest farm covers
a total area of 94,000 hectares, with 73,333 hectares dedicated to forest land, of this, 57,333 hectares are artificial forests
and 16,000 hectares are natural forests. The forest farm has an impressive average annual growth rate of 9.7%, with a
total forest volume of 5.025 million m?® and a forest covering rate of 80%. The primary vegetation includes mixed
coniferous and broad-leaved forests, grasslands, meadows, shrub and broad-leaved forests. Dominant tree species are
Larix principis-rupprechtii Mayr., Picea asperata Mast., and Betula platyphylla Suk. Key shrub species include Syringa
oblata Lindl. var. alba Rehder, Rhododendron micranthum Turcz and Sambucus williamsii Hance. The main herbaceous

plants are Menyanthes trifoliata L. and Galium verum L. (Tao et al., 2023; Xu et al., 2022).
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Figure 1. Geographical Distribution of Study Site, Saihanba Mechanical Forest Farm, Chengde City, Hebei Province, China
2.2. Field Sampling
The Larix principis-rupprechtii plantation was used for the silvicultural operations (thinning and pruning)
experiment in June 2010. All thinning was done selectively before the trial's establishment, removing any smaller or
deformed stems. Initially, the L. principis-rupprechtii plantation was subjected to different treatments: five thinning
intensities (TO - control thinning, intensity 0%, T1 - light thinning, intensity 10%, T2 - moderate thinning, intensity 20%,
T3 - heavy thinning, intensity 30%, T4 - extreme heavy thinning, intensity 35%) and three pruning's Intensities (PO -
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control pruning, intensity (1:2), P1: light pruning, intensity (1:3), P2: high pruning, intensity (2:3)). The purpose of the
thinning operation was to selectively thin (based on intensity level) to decrease the number of stems/ha. At the same time,
the objective of the pruning operation was to reduce the tree's middle crown branches (based on the level of intensity). In
August 2023, after a comprehensive survey of the site, 45 sample plots (20 m x 20 m area of each plot) were set up; in
2023, the forest age was 50 years. The Plantation was subjected to 45 plots with fifteen silvicultural treatments, including
five thinning intensities (T0, T1, T2, T3, T4) with the combination of three pruning intensities (PO, P1, P2) (Figure 2).
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Figure 2. The methodological layout of the sampling plots in Stands of 50-Year-Age of Larix principis-rupprechtii Mayr
Plantation. The thinning operation was intended to reduce the number of stems/ha by selective thinning (depending upon intensity
level), whereas the pruning operation was intended to lower the middle crown branches of the individual tree (depending upon intensity
level).

2.3. Data Collection

The coordinates of each tree and plot were recorded using Real-Time Kinematic (RTK). For analysis, we
recorded each plot's elevation, aspect, and slope as well as its height (m), stem density (tree/ha), and the diameter at breast
height (DBH), which is standard at 1.3 meters above the ground, was measured for each tree using a calibrated diameter
tape and caliper at the breast height of the trees. Stem density in each plot was measured by counting the tree number.
Tree heights were measured using Reliscope (Song et al., 2021). Soil samples were collected with a soil auger from the
upper 20-cm layer to determine SOC (Couwenberg, 2011; Stolbovoy et al., 2005). The collected Soil samples were placed
in plastic bags, dried in air, and sent to a laboratory for further analysis. This study's systematic procedure was designed
to quantify some key forestry metrics necessary to define the carbon dynamics and the forest ecosystem’s structural
stability. The first step within the methodology quantifies stem density. Stem density is calculated by physically counting

the number of stems in the plot. It accurately calculates the number of trees in a one-hectare area, as shown in (equation

).

Density (Stems) _ (nxlOOOOO) (1)

ha Area (m?2)

Where n: represents stem number counted in a plot. Area (m?): The area over which the stems are counted, expressed
in square meters. 100,000: This factor converts the area from square meters to hectares, as 1 hectare equals 10,000 square
meters. The basal area is calculated. It measures the cross-sectional area expended by the trees on the plot. Therefore, it

can be determined by the (equation 2).

_ (DBH\? .
BA = (m) X 1 X Stand Density 2)

Where BA = tree basal area (m?), r = radius (cm)
The tree volume, a crucial parameter for estimating biomass, is then determined from the
basal area. It uses the tree height and a predefined volume form factor, through (equation 3).
Volume = Basal area X Height X Volume form factor (0.48) (3)

Basal Area (BA): This refers to the cross-sectional area of a tree trunk at breast height (usually 1.3 meters above
ground level). Height: The tree's height from the ground to its highest point. Volume Form Factor (VFF): This is a constant
value that represents the relationship between the actual volume of a tree and its basal area and height. In this case, the
VFF is given as 0.48.

To measure total biomass distribution, use allometric equations of all tree elements, such as stem, branches,
leaves, and roots. It allows for precise calculations of the distribution of above and below-ground biomass (Zhao et al.,
2016; Zhao Kuangli et al., 2016). To estimate the AGC and BGC amount, the obtained AGB and BGB values were
multiplied by 0.5, assuming that the total amount of aboveground and belowground biomass had a 50% carbon content
(Aye et al., 2022; Eshetu & Hailu, 2020). The amount of organic carbon in the soil was determined by applying an external
heating and oxidation technique with potassium dichromate-concentrated sulfuric acid. (equation 4).

5¢(Vo—V)x3X1-1
mVy

Soil organic carbon (gkg) = 4)

Here, ¢ represents the concentration of the 1/6 potassium dichromate solution, 0.8 mol/L. The number 5 indicates

the volume, in milliliters, of the potassium dichromate solution added. Vo is the volume of ferrous sulfate used in the
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blank titration, also measured in milliliters. V denotes the volume of ferrous sulfate used in the sample titration, in
milliliters. The value 3 corresponds to 1/4 of the molar mass of a carbon atom, expressed in grams per mole. Factor 1.1
is the oxidation correction coefficient. Finally, m is the mass of the soil sample, measured in grams. Three replicates of
soil samples were used in this experiment.

2.4. Statistical Analysis

The analysis was performed using the Shapiro-Wilk test for normality and Levene’s test for homogeneity of variances.
Initially, we conducted descriptive statistics to summarize and describe the essential characteristics of our data. We
computed all forest metrics' mean and standard deviation for every treatment, such as DBH, tree height, and stem density.
We conducted inferential statistics using two-way ANOVA to test whether the differences between the treatments were
significant. The significance of all parameters was obtained from Tukey HSD posthoc tests. This method was critical in
testing the null hypothesis of no significant difference among the groups’ means. We reported ANOVA results with F-
values and their corresponding P-values to investigate whether variations in forest metrics such as basal area, volume,
and biomass were affected by treatment.

Moreover, a regression analysis was performed to predict forest metrics based on the different estimates. These linear
regression models predict the dependent variables using independent variables. Regression coefficients, P-value, and the
R-squared value are used to quantify the proportion of variance in forest metrics attributable to treatment effects and
explain the variability.

This analysis used RStudio 4.3.2 and several essential libraries to handle data, create visualizations, and
perform statistical analyses. The ggplot2 library makes detailed and customizable plots easier to visualize data. With dplyr,
could efficiently manipulate and prepare the data for analysis. For statistical comparisons, used the multcomp library to
perform multiple comparisons and multcompView to visualize the results. To present multiple plots together, relied on
gridExtra and cowplot. These tools helped arrange and align the plots, ensuring they were clear and visually appealing.
Additionally, the grid library provided the flexibility to fine-tune and customize the plots of graphical elements. Together,
these libraries made data analysis and visual presentations clear and professional.

3. Results

3.1. Treatments-Wise Stand Metrics

The control treatment, TOPO, had (942 + 30 trees/ha); the most severe Treatment, T4P2, had (483 £ 22 trees/ha).
Hence, tree density decreased with increasing treatment intensities. DBH and height values show an increase in individual
tree growth; with higher intensity treatments, T4P2 has the highest average DBH (26.25 + 0.18 cm) and height values
(19.45 £ 0.53 m). Basal area and volume equally fluctuated with treatment. The TOPO treatment exhibited the lowest basal
area (0.47 £ 0.03 m?) and volume (8.50 £ 0.42 m?), respectively. In contrast, the highest values were recorded in the
T3P2 treatment, with a basal area of (0.57 £ 0.03 m?) and a volume of (11.82 = 0.89 m?) (table 1).

Table 1. Treatments-Wise Stand Metrics (+£SE)
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3.2. Treatment-Wise Analysis of Total Biomass and Total Carbon

Different treatments had varying levels of AGB, BGB, T. Biomass, AGC, BGC, and T. carbon, with a decrease in
these parameters as the Forest management treatment intensities increased. Thus, in the control treatment (TOPO), the
AGB was 9.78 Mg/ha and BGB was 3.50 Mg/ha. Additionally, the total biomass amounted to 13.29 Mg/ha, and the total
carbon content was 6.70 Mg/ha, all of which were higher compared to the other treatments. When compared the T4P2
treatment, which had the highest level of treatment intensity, had the lowest levels of AGB (5.65 Mg/ha), BGB (2.01
Mg/ha), as well as total biomass (7.65 Mg/ha) and total carbon was at (3.74/ Mg/ha). Soil carbon content also showed
variability, with the highest recorded in the control treatment, TOPO (160.32 g/kg/t), and the lowest in the T4P2 treatment
(103.33 g/kg/t).

Treatments Density Mean DBH Mean Height Basal area Volume
(trees/ha) (cm) (m) (m?ha) (m>/ha)

TOPO 942 + 30 2343 + 042 18.84 + 0.33 0.47 + 0.03 8.50 £ 0.42
TOP1 858 + 8 2533 + 04 19.22 + 0.1 0.52 + 0.02 10.14 + 0.28
TOP2 808 + 36 24.65 + 0.66 19.06 + 0.01 0.49 + 0.02 9.43 + 0.47
T1PO 808 + 65 25.12 + 0.84 18.79 + 0.85 0.51 + 0.03 9.71 £ 1.05
T1P1 758 + 60 25.10 + 0.34 18.46 + 0.50 0.50 + 0.01 9.34 £ 0.49
T1P2 725 + 29 24.93 + 0.29 19.01 £+ 0.13 0.50 + 0.01 9.60 + 0.19
T2P0 700 £+ 52 2591 + 0.21 19.00 + 0.64 0.54 + 0.01 10.34 + 0.36
T2P1 667 + 22 2437 + 0.72 20.09 + 0.14 0.50 + 0.02 10.19 £+ 0.53
T2P2 658 + 17 2520 + 0.43 19.19 + 0.13 0.51 + 0.02 9.89 £ 0.41
T3P0 625 + 14 26.00 = 1.00 19.90 + 0.35 0.54 + 0.04 10.94 + 0.93
T3P1 542 + 42 26.50 + 1.36 20.03 + 0.42 0.56 + 0.06 11.36 + 1.33
T3P2 525 + 25 26.69 + 0.62 20.22 + 0.61 0.57 £ 0.03 11.82 + 0.89
T4P0 558 + 44 26.07 + 0.59 20.24 + 0.36 0.54 + 0.03 11.14 £ 0.79
T4P1 492 + 8 2596 + 1.07 19.84 + 0.90 0.54 = 0.04 1091 + 1.38

T4P2 483 + 22 26.25 + 0.18 19.45 + 0.53 0.55 = 0.06 10.83 + 0.37
Total 10149 154.14

The findings demonstrate forest management operations' significant impact on biomass production and carbon
sequestration. Moreover, the decrease in biomass and carbon stock was observed with an increased Silvicultural operation
intensity (table 2).

3.2.1. Annual Loss of Total Biomass and Total Carbon

The result showed a progressive decline in various biomass and carbon stocks from (2010 to 2023). The annual
decrease in AGB was estimated at 0.25 Mg/ha while BGB showed a consistent annual reduction of 0.095 Mg/ha. These
findings collectively indicate a consistent downward trend in total biomass, with an average annual decrease of total
biomass of 0.35 Mg/ha. Similarly, analyses of carbon content demonstrated an annual decline in both AGC and BGC by
0.13 Mg/ha) and 0.049 Mg/ha, contributing to an overall yearly decrease in total carbon of 0.18 Mg/ha. Soil carbon
content showed a more annual decrease of 2.15 g/kg/t. These results highlight the ecological severe impact of ongoing

environmental pressures. The decline in biomass and carbon stocks means that the ecosystem's ability to capture and store
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carbon is weakening, which could degrade the effects of climate change. Additionally, the loss of biomass affects
biodiversity, soil health, and the overall resilience of the forest. These findings emphasize the urgent need for strategies
to protect and improve ecosystem health and increase carbon sequestration. Addressing these declines through adaptive

forest management practices is crucial to maintaining ecological balance and supporting efforts to mitigate climate change.

Table 2. Treatment-Wise Total Biomass and Total Carbon (+SE)

Treatments AGB BGB T. Biomass AGC BGC T. Carbon Soil Carbon
(Mg/ha) ( Mg/ha) (Mg/ha) (Mg/ha) (Mg/ha) (Mg/ha) (g/kg)/t
TOPO 9.78 £ 0.28 3.50 + 0.11 13.29 494 + 0.10 1.77 £ 0.04 6.70 160.32 + 1.56
TOP1 9.55 £ 0.10 3.37 + 0.03 12.92 478 + 0.05 1.68 £ 0.02 6.46 131.21 + 6.61
TOP2 8.81 + 0.23 3.12 + 0.10 11.94 441 + 0.11 1.56 = 0.05 5.97 125.95 + 6.65
T1PO 8.88 + 0.71 3.14 + 0.25 12.02 444 £ 035 1.57 £ 0.12 6.01 152.73 + 0.93
T1P1 831 £ 0.57 294 £ 0.21 11.25 4.15 £ 029 147 £ 0.10 5.63 125.83 + 4.07
T1P2 8.15 £ 0.28 2.88 = 0.10 11.04 4.03 + 0.10 1.43 = 0.04 5.46 121.10 + 4.16
T2P0 791 £ 0.63 278 + 0.22 10.69 396 + 032 1.39 + 0.11 5.34 145.03 + 7.39
T2P1 7.47 £ 020 2.63 + 0.07 10.10 373 £ 0.10 1.31 £ 0.04 5.05 119.70 + 0.62
T2P2 7.32 £ 028 2.58 + 0.09 9.91 3.66 £ 0.14 1.29 + 0.05 4.95 114.05 + 2.86
T3P0 7.16 £ 0.04 251 + 0.02 9.67 3.58 £ 0.02 1.25 + 0.01 4.83 13591 + 14.34
T3P1 6.32 £ 0.52 220 + 0.18 8.52 3.16 £ 026 1.10 + 0.09 4.26 115.41 + 9.78
T3P2 6.14 £ 023 2.14 + 0.08 8.28 3.07 £ 0.12  1.07 £ 0.04 4.14 108.73 + 7.67
T4P0 6.48 + 0.62 2.26 + 0.21 8.75 324 £ 031 1.13 £ 0.10 4.37 132.31 + 9.37
T4P1 5.64 £ 030 1.97 + 0.09 7.61 282 £ 0.15 0.99 + 0.04 3.80 109.01 + 3.47
T4P2 565 = 029 2.01 + 0.06 7.65 2.77 £ 0.13 097 + 0.05 3.74 103.33 + 3.01
Total 113.57 40.03 153.64 56.74 19.98 76.71 1900.62

3.3. ANOVA Comparison of Thinning and Pruning Effects on Stand Metrics

The ANOVA was employed to assess the effects of thinning and pruning treatments on several key forest
parameters such as DBH, Height, Basal Area, Volume, and Density. The results showed that thinning significantly
influences all five parameters, whereas pruning only significantly affects tree density.

In the DBH variable, thinning showed a significant effect with an (F = 4.693, P < 0.05), indicating that thinning
treatments significantly affected DBH. Conversely, pruning did not significantly affect DBH (F = 0.183, P > 0.05),
suggesting that pruning does not contribute to changes in DBH. Regarding tree height, thinning again demonstrated a
significant impact with an (F = 5.896, P < 0.05). This suggests that thinning treatments impact tree height. In contrast,
pruning did not have a statistically significant effect on height (F = 0.289, P > 0.05). In terms of basal area, thinning
showed a highly significant impact with an (F =7.637, P <0.01), indicating that thinning increases the basal area. Pruning
did not significantly impact the basal area (F = 0.164, P > 0.05). The volume parameter also showed significant
improvement due to thinning, with an (F = 10.255, P <0.01), highlighting that thinning significantly impacts tree volume.
Pruning did not considerably affect volume (F = 0.408, P > 0.05). For tree density, both thinning and pruning had
significant effects. Thinning displayed a highly significant impact with an (F = 197.90, P < 0.001), indicating a strong

effect on reducing tree density. Pruning also significantly affected density, although to a lesser extent, with an (F =31.25,
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P <0.001) (table 3).
Table 3. ANOVA Comparison of Thinning and Pruning Effects on Stand Metrics

Signif. codes: 0 “***> 0.001 “**’ 0.01 * 0.05 > 0.1 ¢ 1

3.4. ANOVA Comparison of Thinning and Pruning Effects on Total Biomass
In the case of AGB, thinning treatments resulted in a highly significant, as indicated by an (F = 190.99, P < 0.001).

This underscores the significant effect of thinning on AGB. Pruning also significantly impacted AGB, though to a lesser

Parameters Treatment df Sum sq Mean Sq F value P value Significance
DBH Thinning 4 7545 1.8862 4.693 0.0303 *
Pruning 2 0.147 0.0734 0.183 0.8365
Residuals 3.215 0.4019
Thinning 4 3.498 0.8744 5.896 0.0164 *
Height Pruning 2 0.086 0.0429 0.289 0.7563
Residuals 8 1.186 0.1483
Thinning 4 0.009911 0.0024778 7.637 0.00774 *x
Basal Area Pruning 2 0.000106 0.0000531 0.164 0.85172
Residuals 8 0.002596 0.0003245
Thinning 4 9.182 2.2955 10.255 0.00308 *x
Volume
Pruning 2 0.182 0.0912 0.408 0.67832
Residuals 8 1.791 0.2238
Thinning 4 254704 63676 197.90 0.0000000497 Hrx
Density
Pruning 2 20111 10056 31.25 0.000166 *rx
Residuals 8 2574 322

extent, with an (F =29.46, P <0.001). For BGB, the results were similar, with thinning showing a highly significant effect
(F =202.8, P < 0.001), suggesting a significant impact on BGB due to thinning treatment. Pruning also significantly
impacted BGB, with an (F = 29.7, P < 0.001), although the effect was less than that of thinning. Total Biomass was
significantly affected by thinning, with an (F = 196.79, P < 0.001), indicating that thinning treatments lead to a
considerable impact on total biomass. Pruning also significantly influenced total Biomass, as evidenced by an (F =29.94,
P <0.001). While pruning's impact was significant, it was comparatively less than that of thinning.

In conclusion, the ANOVA results highlight the significant effects of both thinning and pruning on forest biomass
parameters, with thinning having a more extensive impact across AGB, BGB, and Total Biomass. These findings
underscore the critical role of thinning in forest management practices. Although pruning contributes significantly to

biomass, its effects are relatively less noticeable (table 4).

Table 4. ANOVA Comparison of Thinning and Pruning Effects on Total Biomass

Parameters Treatment DF Sum sq Mean Sq F value P Value Significance
AGB Thinning 4 23.505 5.876 190.99 0.0000000572 ok
Pruning 2 1.813 0.906 29.46 0.000204 ok
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Residuals 8 0.246 0.031
BGB Thinning 4 3.1113 0.7778 202.8 0.0000000451 oA
Pruning 2 0.2279 0.1139 29.7 0.000198 ok
Residuals 8 0.0307 0.0038
Thinning 4 43.72 10.929 196.79 5.08e-08 ok
Total Biomass Pruning 2 3.33 1.663 29.94 0.000193 ok
Residuals 8 0.44 0.056

Signif. codes: 0 “***> (0.001 ‘**> 0.01 “** 0.05 <> 0.1 ¢’ 1

3.5. ANOVA Comparison of Thinning and Pruning Effects on Total Carbon

The ANOVA was performed to evaluate the effects of thinning and pruning on AGC, BGC, Total Carb
on, and SOC within forest stands. The results indicate that thinning and pruning significantly impact these car
bon pools, with thinning generally showing a more extensive effect. Thinning significantly affects AGC (F =
222.75, P < 0.001) and BGC (F = 250.90, P < 0.001), reflecting a significant impact on carbon storage of ab
ove and below-ground carbon. Pruning also had an important but comparatively lesser effect on AGC (F = 3
7.83, P < 0.001) and BGC (F = 41.31, P < 0.001). For Total Carbon, thinning demonstrated a highly signific
ant influence (F = 232.26, P < 0.001), while pruning also significantly contributed (F = 39.12, P < 0.001), alt
hough to a lesser degree. SOC was greatly affected by both treatments, with pruning showing a powerful effe
ct (F = 421.70, P < 0.001) compared to thinning (F = 90.92, P < 0.001). These findings underscore the impo
rtance of thinning in enhancing overall carbon sequestration in forest ecosystems, while also highlighting the s
ignificant role of pruning in increasing soil organic carbon. The minimal residual variability across all paramet
ers further validates the strength of the treatments' effects. This study suggests that strategic implementation of
thinning and pruning can optimize carbon storage and contribute to effective forest management practices to
mitigate climate change (table 5).

Table 5. ANOVA Comparison of Thinning and Pruning Effects on Total Carbon
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Parameters Treatment df Sum sq Mean Sq F value P value Significance
AGC Thinning 4 5.999 1.4998 222.75 0.0000000311 HHE
Pruning 2 0.509 0.2547 37.83 0.0000836039 HHE
Residuals 8 0.054 0.0067
BGC Thinning 4 0.8033 0.20084 250.90 0.0000000194 HHE
Pruning 2 0.0661 0.03307 41.31 0.0000607317 Rk
Residuals 8 0.0064 0.00080
Thinning 4 11.193 2.7983 232.26 2.64e-08 HHE
Total Carbon Pruning 2 0.943 0.4713 39.12 7.41e-05 Rk
Residuals 8 0.096 0.0120
Thinning 4 1146.8 286.7 90.92 0.0000010549 HHE
SOC Pruning 2 2659.6 1329.8 421.70 0.0000000078 Rk
Residuals 8 252 32
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Figure 3. Stand characteristics of thinning intensities in Stands of 50-Year-Age of Larix principis-rupprechtii Mayr Pla
ntation. Difference letters over bars are significantly different by Tukey HSD post-hoc tests test (p = 0.05). (CT; control t
hinning, LT; light thinning, MT; moderate thinning, HT; heavy thinning, EHT: extreme heavy thinning).

Density (trees/ha) AGB (Mg/ha) BGB (Mg/ha) Total Biomass (Mg/ha)
a b a ab a ab a
800 b b 12 a
3
7.5
600
8
2
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0 0.0 0 ]
AGC (Mglha) BGC (Mg/ha) Total Carbon (Mg/ha) Soil Carbon (g/kg)
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Pruning Intensities

Figure 4. Stand characteristics of Pruning intensities in Stands of 50-Year-Age of Larix principis-rupprech
tii Mayr Plantation. Difference letters over bars are significantly different by Tukey HSD post-hoc tests test (p
= 0.05). (PO; control pruning, P1; Light pruning, P2; High pruning).
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Figure 5. Box Plot for Thinning Intensities of 50-Year-Age of Larix principis-rupprechtii Mayr Plantation. (CT; contro

1 thinning, LT; light thinning, MT; moderate thinning, HT; heavy thinning, EHT: extreme heavy thinning).

1755




VR E AR K S S53 W ifRM 21
Mean DBH (cm) Mean Height (m) Basal Area (m’/ha)
26- 200' 0.55.
-
19.5-
25- 0l52- i
19.0- 0.50-
24- 0.48-
18.5-
[ i | 1 i | 046' I 1 [
PO P1 P2 PO P1 P2 PO P1 P2
Volume (m3 /ha) Density (trees/ha) AGB (Mg/ha)
900-
9.
11' 800.
s.
10_ 700'
7.
600-
9-
500- &
PO P1 P2 PO P1 P2 PO P4 P2
BGB (Mg/ha) Total Biomass (Mg/ha) AGC (Mg/ha)
35- 50-
12- 45
3.0-
- - : —
10-
25- 35
. 3.0-
20- . | . s . ! ! . ! |
PO P1 P2 PO P1 P2 PO P1 P2
BGC (Mg/ha) Total Carbon (Mg/ha) Soil Carbon (g/kg)
18 160-
16- 6-
140-
1.4-
5.
1.2- 120
1.0- &
PO P1 P2 PO P1 P2

PO P1 P2

Pruning Intensities

Figure 6. Box Plot for Pruning Intensities of 50-Year-Age of Stand of Larix principis-rupprechtii Mayr Plantation. (P

0; control Pruning, P1; light thinning; P2; High Pruning)

3.6. Response of Thinning Intensities on Different Parameters

A remarkable arrangement exists between actual and predicted values, underscoring the predictive models' rel
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iability. DBH and mean height appear strong to thinning intensities, with actual and predicted values showing min
imal divergence. However, there is a notable decline in tree density with increased thinning, which is expected as
thinning reduces stand density. Total biomass and total carbon metrics generally decrease as thinning intensity inc
reases, corresponding with the reduction in stand density and biomass removal. This pattern holds for actual and
predicted data, although the predictive models suggest a slightly broader confidence interval, especially at higher t
hinning intensities, indicating variability in the response. While showing some decrease in the actual measurement
s with increased thinning, soil carbon is predicted to maintain higher values even at greater thinning intensities. T
his could suggest that factors beyond thinning alone may influence soil carbon dynamics, such as soil compositio
n, moisture, and organic matter input variations post-thinning. In conclusion, the results suggest that while thinnin
g has expected impacts on stand structure and biomass, the soil carbon pool may exhibit a more complex respons
e, potentially maintaining stability across a range of silvicultural treatments. These findings are critical for forest
management and carbon accounting, particularly in climate change mitigation, where understanding carbon sequest

ration dynamics in forest ecosystems is vital.
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3.7. Effect of Topographic Variables on Tree Biometric Parameters.

The trend line suggests a slight negative correlation, indicating that the basal area tends to decrease as elevat
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ion increases. Findings indicate that basal area significantly influences elevation change, as demonstrated by the li
near regression model with an (R? = 0.1121) and a (P < 0.05). where DBH values decrease as elevation increases.
There is a noticeable negative trend. The corresponding regression model reveals an (R* = 0.09901) and a (P <
0.05). The negative slope of the regression line implies that volume decreases with increasing elevation, as eviden

ced by the (R? = 0.0773) and (P = 0.064) (S1).

As the aspect increases, the mean height of trees tends to decrease. As shown by the (R?= 0.1071) with a
(P < 0.05). The aspect is found to significantly affect only the height of the forest, with no noted impact on other
forest metrics (S2). The analysis also reveals that slope does not have a significant effect on the forest matrices

examined (S3).

Basal Area (mtha) | | DBH (cm) }14[ Volume (m’ha) | Mean height (m) |

', '

Metric Value

S & 0 6 ® b d e e N e
& & & & & & & & J ¢ §

Aspect (degrees) n

Elevation (m)

3.8. Influence of Thinning Intensities on Forest Structural Parameters

Our linear regression analysis of various forest metrics demonstrates that thinning treatment influences forest
growth characteristics. The DBH showed significant growth under EHT and HT treatment, with P-values indicatin
g statistical significance (P < 0.05). This positive relationship is further supported by the high (R? = 0.6917) valu
es for DBH and tree height (R?> = 0.7338), underscoring the strong connection between the dependent and indepe
ndent variables and the significant explanatory power of these treatments.

Our findings indicate that basal area and volume show significant growth under EHT and HT treatment, sho
wing the positive effects of increased thinning intensity. The basal area outcomes were statistically significant, wit
h (P < 0.05) and (R? = 0.7858). Similarly, the volume demonstrated remarkable growth, supported by (P < 0.05)
and (R? = 0.8231).

Tree density demonstrated a negative trend with increased thinning intensity, particularly under the different t
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reatment, (P < 0.05). This suggests that while increasing thinning practices positively affect individual tree growt
h, they may adversely impact tree density, Biomass and carbon stock (S4).

3.9. Influence of Thinning Intensities on Total Biomass

The study investigates the effects of various thinning treatments on the AGB, BGB and total biomass in fore
st ecosystems, highlighting the implications for biomass production. The results indicate that the EHT treatment,
significantly reduces AGB, as evidenced by a highly negative coefficient and a statistically significant (P < 0.05).
Similarly, the thinning effects on AGB remain significant for LT, MT and HT intensities, demonstrating a reducti
on in AGB with a (P < 0.05) threshold. The high (R? = 0.9195) underscores that more intensive thinning correlat
es with comparatively severe decreases in AGB.

The EHT Intensity exerts a strong negative effect on BGB, with statistical significance (P < 0.05). Furthermo
re, thinning intensities also significantly reduced BGB for LT, MT, and HT (P < 0.05) with (R? = 0.9233).

The total biomass, including AGB and BGB, shows similar reduction patterns across all thinning treatments.
The EHT treatment has the most severe negative effect on total biomass (P < 0.05), followed by LT, MT, and H
T intensities, all showing significant reductions (P < 0.05). The aggregate explanatory power of the model is high
lighted by an (R? = 0.9206), suggesting that intensive thinning leads to a severe reduction in total biomass. This i
s likely due to the combined impacts on AGB and BGB.

In conclusion, this study highlights the need for a balanced approach to forest management practices. While t
hinning can be beneficial for managing forest density and health, its impact on biomass and carbon storage canno
t be ignored. Future forest management policies should incorporate these findings to optimize forest ecosystems' e
cological health and carbon sequestration potential (S5).

3.10. Influence of Thinning Intensities on Total Carbon

The linear regression analysis evaluates the impact of varying thinning intensities on aboveground carbon (A
GC), belowground carbon (BGC), total carbon storage, and soil organic carbon (SOC) within forest ecosystems. T
he analysis reveals a significant reduction in AGC as thinning intensity increases, with the most pronounced effec
t observed in the EHT intensity (P < 0.05). Significant reductions in AGC were also noted in LT, MT and HT in
tensities (P < 0.05). The model demonstrates a high explanatory power for AGC variation, as indicated by an (R?
= 0.9142).

The thinning intensity significantly impacts BGC. The EHT intensity resulted in the highest reduction in BG
C, with statistical significance (P < 0.05). Significant reductions in BGC were also observed in the LT, MT and

HT intensities (P < 0.05), with the model revealing a strong explanatory power (R? = 0.9172).

The results of total carbon storage align with those for AGC and BGC. The EHT treatment caused the most
substantial reduction in total carbon storage (P < 0.05), followed by significant reductions in the LT, MT and HT

intensities (P < 0.05). The model explains the variability in total carbon storage, as evidenced by an (R? = 0.915

1.
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Converse

ly, SOC exhibited a different trend. The effect of EHT on SOC was less pronounced and not statisti

cally significant (P > 0.05), indicating that increased thinning intensity does not significantly impact SOC based o

n conventional statistical thresholds. This is reflected in the model's lower explanatory power for SOC, with an

(R? = 0.2993)

In conclusion, the study highlights the need to balance thinning practices to optimize carbon sequestration wh

ile maintaining forest health. The significant responses of AGC, BGC, and total carbon storage to thinning unders

core the potential for thinning to significantly influence carbon dynamics. However, the non-significant response o

f SOC indicates that other factors may govern its variability. Future forest management strategies should incorpor

10
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Silvicultural Treatments

ate these insights to enhance the efficacy of carbon stock management in forest ecosystems (S6).

Figure 9. Silvicultural treatments with Total Biomass and Total Carbon stocks

3.11. Pearson Correlation Analysis with their Parameters

Several key observations can be made from the heatmap. First, there are consistently high correlations (=0.85)
between Total Biomass and its components (AGB and BGB), signifying that AGB and BGB are reliable indicators of

Total Biomass. Volume and Basal Area also show strong positive correlations with Total Biomass (0.89) and Total Carbon

(0.86), suggesting their effectiveness as proxies for biomass and carbon estimates. Moderate correlations are observed

between Mea

n Height and both Volume (0.63) and Basal Area (0.65), indicating that tree height can be an indicative
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metric for these variables, though with some variability. Soil Carbon exhibits moderate correlations with Total Carbon
(0.40) and BGB (0.39), reflecting its role in overall carbon storage but with less influence than other variables. Conversely,
Density shows a relatively low correlation with Mean DBH (0.05), implying that tree density is not a strong predictor of
the average tree diameter within the studied environment. However, Mean DBH demonstrates low to moderate
correlations with most variables, except for a notable correlation with Volume (0.85), indicating that larger tree diameters
are associated with higher volume.

These findings reveal intricate interdependencies among the studied variables, emphasizing critical relationships
essential for ecological modeling and forest management. The high correlations between Total Biomass and its
components underscore the importance of considering both AGB and BGB in biomass assessments. The strong
associations of Volume and Basal Area with biomass and carbon metrics highlight their utility in forest carbon stock
estimation. This comprehensive understanding enhances the accuracy of biomass and carbon modeling, thereby informing

strong strategies for forest conservation and carbon sequestration initiatives.

Heatmap of Pearson Correlation Matrix

Soil Carbon

Total Carbon

BGC

AGC

Total Biomass
Correlation
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BGB
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0.50
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Volume

Basal Area
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Figure 10. Heat Map of Pearson Correlation of 15 treatments with 5 Thinning and 3 Pruning intensities in Stands of
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50-Year-Age of Larix principis-rupprechtii Mayr Plantation.

3.12. PCA Analysis with Silvicultural treatments and their parameters

The biplot presented in Figure 11 demonstrates the results of a Principal Component Analysis (PCA), wh
ere the first two principal components (F1 and F2) collectively account for 92.79% of the total variance in th
e dataset. Specifically, the first principal component (F1) explains 85.79% of the variance, while the second F
2 explains 7.00%. This high percentage indicates that these two components effectively summarize the multidi
mensional data.

The vectors on the biplot represent the original variables in the dataset, with their direction and magnitud
e indicating their contribution to the principal components. Notably, the variable 'Soil C' (Soil Carbon) shows
a strong positive correlation with F1, suggesting it significantly contributes to the variance explained by this c
omponent. Similarly, variables such as 'Basal Area,’ 'DBH' (Diameter at Breast Height), "Volume,' and 'Height'
positively correlate with F2, indicating their substantial contribution to this component.

Clusters of variables, including 'AGC' (Aboveground Carbon), 'Total C' (Total Carbon), 'AGB' (Abovegrou
nd Biomass), 'T.Biomass' (Total Biomass), 'BGB' (Belowground Biomass), and 'BGC' (Belowground Carbon), ar
e tightly grouped, highlighting their positive inter-correlations and primary contribution to F1.

The points on the biplot represent individual observations or samples, coded based on different treatments
or conditions. For instance, labels like 'T3P1,' 'T3P2,' and 'T4P0' refer to specific treatment and plot combinati
ons. Observations near a particular variable vector suggest a strong influence of that variable on these sample
s. For example, samples such as 'T2P0," 'T2P1," and 'T2P2,' spread along the positive side of F1, indicate hig
her values for variables like AGC, Total C, and AGB. In contrast, samples like 'T3P1," 'T3P2,' and 'T4P0,' lo
cated on the negative side of F1, suggest lower values for these variables.

Furthermore, clustering samples such as 'T1P0, 'T1P1,' and 'TOP0' near the origin signifies average values

for the analyzed variables, implying these samples do not exhibit extreme characteristics for any specific vari
able. This spatial distribution of points effectively illustrates the relationship between different sample groups a
nd the variables affecting them.

In conclusion, this biplot effectively visualizes the complex relationships among the studied variables and
their influence on various sample groups. The analysis reveals that Soil Carbon is a predominant factor influe
ncing the first principal component, while structural variables like Basal Area, DBH, Volume, and Height signi
ficantly impact the second component. The distinct clustering of observations further underscores the varying i

mpacts of different treatments on the samples (Figure 11).
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Figure 11: PCA bi-plot representing the ordination of Treatment, Forest biometric parameters, Total biomass, and Tota

1 Carbon (F1-F2). A Scree plot indicating the number of significant principal components.

4. Discussion

In agreement with our hypotheses, the biomass and carbon stock in L. principis-rupprechtii plantations 50
years old stands in northern China were significantly influenced by silvicultural treatments. However, the aspec
t only affects the height of L. principis- rupprechtii. The slope did not affect the growth of L. principis- rupp
rechtii stands. In addition, increases in elevation DBH and Basal Area of the tree decreases. According to Ma
z6n et al. (2020), more favorable growing conditions and the existence of numerous species capable of rapid gro
wth would make the basal area higher at lower elevations. The mean tree height of the stands decreased significa
ntly with increasing elevation. (Hertel & Wesche, 2008). Previous studies conducted Kim et al. (2016) showed

that thinning promoted tree DBH growth more than height in different forest ecosystems. Considering the sign
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ificance of intense thinning on individual Norway spruce's increment in basal area, stem, and height (Makinen
& Isoméki, 2004).

Our findings show a significant reduction in Total biomass and total carbon stocks, increasing Silvicultura
| treatment intensity. The most significant declines were observed in treatments subjected to heavy Thinning
(HT) and extreme Heavy Thinning (EHT) compared to Control Treatment (TOPO). This suggests that while thi
nning reduces competition and may promote the health and growth of remaining trees, it also substantially dec
reases the forest's overall biomass and, consequently, its carbon storage capacity. Those treatments led to the
most intensive thinning T4P2 showed a decrease in AGB and BGB by up to 42.13% and 42.57% compared t
o the control treatment. The percentage decrease in total biomass from the control treatment, TOPO, to the mo
st intensive treatment, T4P2, is approximately 42.44%. Similarly, the percentage decrease in total carbon over
the same treatments is about 44.18%. Meng et al. (2022) stated that the AGB of larch progressively decreased

as thinning intensity increased. The control group (CK) had a higher AGB than the thinning group. Just 36%
less than the CK group's, the AGB of the thinned group is 34.4%. Analysis was done on the decreases in a
boveground tree carbon storage of 27% and 22% caused by heavy- and medium-thinned stands as opposed to
non-thinned stands. (Nilsen & Strand, 2008). The total carbon stock decreases with the thinning of larch forest
s (Shuyong et al., 2017).

The Study conducted by Hou et al. (2016) showed that the remaining trees on the thinned plots had mor
e rapid-growth effects, especially for individual trees, than the trees on the non-thinned plots; ultimately, the t
otal carbon stock of stands with thinning treatment showed less than that of the non-thinned stands. The effec
t of thinning was much stronger on individual trees than at the stand level, and thinning promotes the growth

of particular trees. The remaining individual trees grow more quickly after being thinned because there is les

s competition and more light and nutrients are available. Thinning did not increase net carbon stocks in planta
tions of Pinus faeda. (Alvarez et al., 2016). Thinning affects the level of thinning intensity for Scots pine and
Pyrenean oak (Quercus pyrenaica Willd) (Pinus sylvestris L). It was found that after thinning, the total carbo
n stock was lower in a 50-year loblolly pine rotation than in non-thinned stands (J.-C. Lin et al., 2018b). T
he accumulation level in the stand primarily depends on the growth rate, particularly the biomass of plants, b
ecause the amount of biomass and carbon stored in trees are strongly associated with forest increment. One w
ay to control biomass production in forests is to manage stand density. This technique is typically used to det
ermine the frequency and intensity of thinning operations. Thinning promotes tree development, lowers density,
and enhances resource availability for the surviving trees. (Tahvonen et al., 2013; Giuggiola et al., 2013).

Because of the biomass component, the overall on-site C stock in the unthinned plots was considerably h
igher than in the thinned plots when considering all elements. This is consistent with findings from earlier res
earch that looked at the long-term impacts of various management strategies on carbon stocks and found varia
tions in the amounts of carbon in the biomass component of live trees. (De Simon et al., 2012); (Powers et a

I, 2011). My results showed that pruning had a less pronounced impact on biomass and carbon stocks. Altho
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ugh statistically significant, the changes in AGB, BGB, and total biomass due to pruning were minor compare
d to those resulting from thinning. This observation suggests that pruning affects tree structure and health mor
e than it influences forest carbon dynamics.

According to Clark & Matheny, (2010), pruning is one of the most common operations. Pruning impacts
both tree health and structure. Pruning could be one of the best silviculture operations for a tree (Grabosky &
Gilman, 2007). However, the growth rates of our trees had no responses to pruning, understory removal, and
their interactions. (R. Li et al.,, 2020). The highest SOC levels were recorded as high in control plots, decreas
ing with increased management intensity. The SOC decreases by 35.56% compared to the control treatment (C
T). The same study in the Lesser Xing’an Range, Northeast China, found that moderate thinning intensity can
enhance litter retention and soil nutrient levels, improving carbon sequestration in degraded forests during sprin
g and summer. However, higher thinning intensities led to carbon loss in autumn and winter (Zhang et al., 2
024). Another research on a mixed broadleaved plantation in a subtropical area of China indicated that higher
thinning intensities could initially reduce carbon storage in the soil, particularly in the humus layer. This effec
t was most pronounced in plots with the highest thinning intensity (41%-50%). In contrast, lower thinning inte
nsities (20%-30%) were shown to promote carbon sequestration in the short term (N. Lin et al., 2024). With
15 treatments across five thinning and three pruning intensities. While this study provides valuable insights, th
ere are some limitations that should be acknowledged. The study was conducted in a specific geographical reg
ion, and the results may not be directly applicable to other regions with different environmental conditions. A
dditionally, the study period was relatively short, and the long-term effects of the treatments were not assesse
d. Future research should consider longer study periods and multiple geographical locations to validate the fin
dings. Future research should focus on long-term studies to assess the sustained effects of thinning and prunin
g on forest metrics. Additionally, research in different ecological regions would help generalize the findings. I
nvestigating the effects of other silvicultural practices in combination with thinning and pruning could provide
further insights into optimizing forest management strategies. Finally, studying the impacts of these practices o
n forest biodiversity and ecosystem services would contribute to a more holistic understanding of forest manag

ement.

5. Conclusion

This Study clarifies the effect of thinning and pruning intensities on biomass and carbon stock, using fiel
d investigative data and biomass allometric equations. After silvicultural treatments (5 thinning and 3 pruning i
ntensities), the total biomass and carbon stocks of L. principis rupprechtii plantation gradually decreased in 50
-year age stands in the Saihanba Mechanical Forest Farm Northern region of China. The thinning increased th
e carbon stock of individual trees, but it did not increase the carbon stocks at the stand level of L. principis-
rupprechtii plantation. The carbon is stored more in the tree biomass of L. principis-rupprechtii stands subject
ed to light and moderate thinning in combination with light pruning compared to heavy thinning and heavy pr

uning intensities. Results indicate an apparent reduction in AGB, BGB, and total biomass with increasing thin
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ning intensity, where the highest thinning level treatment T4P2 led to the most significant decrease in carbon
storage, showed a decline in AGB and BGB by up to 42.13% and 42.57% compared to control treatment. Th
e percentage decrease in total biomass from the control treatment, TOPO, to the most intensive treatment, T4P
2, is approximately 42.44%. The percentage decrease in total carbon over the same treatments is about 44.1
8%. The SOC decreases by 35.56% compared to the control treatment. Pruning showed less impact on biomas
s and carbon stocks than thinning, as it maintains tree structure and health rather than overall forest carbon d
ynamics. While pruning is essential to maintaining tree health and safety, its effect on carbon storage is secon
dary to thinning. Thinning turns forests into carbon sources and decreases the ability of the larch forest ecosy
stem to operate as a carbon sink. Forest managers avoid from thinning L. principis-rupprechtii forests before t
hey reach maturity if the management strategy only provides carbon sinks. Light or medium thinning operatio
ns with light Pruning operations are better if some thinning and pruning are necessary.
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