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Abstract: This study aimed to develop biomass allometric equations for Pinus densiflora saplings to assess carbon
storage in young plantations. In April 2024, nine sample plots were established in a 7-year-old pine stand, and a tree
census was carried out within each plot. In October, 16 saplings were selected for destructive sampling. Prior to
harvesting, measurements of root collar diameter (RCD), diameter at breast height (DBH), height, and crown width
(CW) were repeated for each sapling, and the entire tree, including its root system, was collected. Among the
developed models for biomass estimation, the RCD-based model demonstrated the highest explanatory power (R? >
0.96), followed by the CW-based model (R? > 0.91) and the DBH-based model (R? > 0.88). The biomass allocation
by component was 17.5% in stems, 28.5% in branches, 36.4% in foliage, and 17.6% in roots, with branches and
foliage accounting for a higher proportion compared to mature trees. Using the biomass equations and census data,
carbon storage in early-stage plantations was estimated at 525 = 0.42 Mg C ha'. These equations support more
accurate estimations of carbon storage and sequestration in pine reforestation and restoration efforts, offering critical
data for evaluating forest productivity.
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Figure 1. Distributions of (A) root collar diameter (RCD), (B) diameter at breast height (DBH), (C) height of P. densiflora
saplings measured within the study plots in April 2024. The histograms show the number of trees grouped by size class in

each growth variable.
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Table 1. Regressions of dry weights (kg) on different components in P. densiflora saplings. Y: dry weights of tree component
(kg), RCD: root collar diameter (cm), DBH: diameter at breast height (cm), H: height (m), CW: crown width (m).

Model Component a b c R’ RMSE
Stem 0.0016** 3.1010%** 0.9774 0.1136

Branch 0.0044* 2.8775%** 0.9673 0.2181

Y=ax RCD® Foliage 0.0270** 2.0946%** 0.9693 0.1924
Root 0.0061* 2.4351%** 0.9777 0.0941

Total 0.0342%* 2.4866%** 0.9863 0.4737

Stem 0.0221 1.3960** 1.1180%** 0.9907 0.0727

Branch 0.0113 2.2549%* 0.4142 0.9693 0.2112

Y=ax RCD*x H*® Foliage 0.0228 2.2111%** -0.0847 0.9694 0.1918
Root 0.0166 1.7787* 0.4443 0.9807 0.0877

Total 0.0748 1.9713** 0.3471 0.9878 0.4459

Stem 0.1720%** 1.5360%** 0.9445 0.1779

Branch 0.3310%** 1.4250%** 0.9041 0.3733

Y=ax DBH® Foliage 0.6295%** 1.0335%** 0.8807 0.3790
Root 0.2279%** 1.2251%** 0.8803 0.2182

Total 1.3400%* 1.2680%** 0.9101 1.2123

Stem 0.1718*** 0.5225%* 1.4000%** 0.9869 0.0865

Branch 0.3199%** 0.5184 1.2830* 0.9419 0.2905

Y=ax DBH'< H* Foliage 0.5769*** 0.4725 0.8589 0.9049 0.3384
Root 0.2232%** 0.0937 1.5847* 0.9462 0.1463

Total 1.3246%** 0.3106 1.3367* 0.9550 0.8581

Stem -0.9804*** 1.0187*** 0.9512 0.1668

Branch -1.5094*** 1.6304%** 0.9557 0.2539

Y=a+bCW Foliage -0.9279** 1.4555%** 0.9192 0.3120
Root -0.5895%** 0.7665%** 0.9794 0.0905

Total -4.0194%%* 4.9261%** 0.9843 0.5067

DBH ranged from 1.0 to 6.2 cm, RCD from 3.4 to 11.5 cm, H from 1.0 to 4.0 m, and CW from 0.9 to 3.9 m. Asterisks
(***, ** *) denote statistical significance levels of the estimated model parameters (a, b, c) based on p-values: *** for p < 0.001,
** for p < 0.01, and * for p < 0.05.

75 100
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Figure 2. Relationships between growth measurement variables (A: root collar diameter, B: diameter at breast height, C: crown
width) and tree component biomass (kg tree”) for P. densiflora saplings. Symbols represent observed values, and lines indicate
fitted regression models. Power-law models (Y = a + X") were applied for panels A and B, while linear models (Y = a + b * X)
were used for panel C.
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Figure 3. Residual plots for regression models fitted to the biomass components of P. densiflora saplings, using root collar diameter
(RCD) and diameter at breast height (DBH) as predictors in non-linear models (Y = a + X") for panels A and B, and crown width
(CW) as a predictor in a simple linear regression model (Y = a + b + X) for panel C. Different colors and shapes represent biomass
components (stem, branch, foliage, and root). The red horizontal line indicates zero residual.

Table 2. Mean biomass (kg tree”) and biomass distribution 15-16W8A AU}l A Hars £4=2)(1.78-2.70)2} v w32 uf

ratio (%) of each tree component in P. densiflora saplings, Lo A~z o L) ARH
based on harvested samplings. Also presented are the root-to- = o 08 HERtHPark et al, 2005). AP Hiole
shoot (R:S) and root-to-total (R:T) biomass ratios, stem density ufjA ofjn] Ba] nlo] @ujA o] H](Root-to-shoot biomass ratio,
(g em™), and biomass expansion factor (BEF). R:S)E= 0222, 1064 AU 0]10] R:S(0.21)2F 3ARA]
Component Biomass (kg tree”) Distribution (%) BE TIEAY A 9] RiS(0.26)00] Wls) W2 ghe Kl

Stem 0.9240.19 17.54£1.11 (Noh et al,, 2010) (Table 2).

ofelat k= E7]u} Walo] uls) 27k, 7HA) H9je) u}
Branch 1.53+0.31 28.52+1.14 Ol QulA o] e 27| ZEEO| olubdo] AL EAS 5]
Foliage 1.78+0.28 36.37+1.19 HkzlstMokany et al., 2006; Nogueira et al., 2014;
Shoot (S) 4.23+0.78 82.43+1.11 Menéndez-Miguélez et al., 2022). Z12ju} Y % WollA=
A 2 EoF okRL 7184 & tjolst olx] x7io| ulel A|F
Root (R) 0.87+0.19 17.57+1.11 e 2 BEQF R 7M8A & theksh A 3o 15}
Hol 24fR o] oul 7k M &S el 4 o 9]
foral (1 335122 100 374 Hjolo] W2 F71A Wolg Wl 371 A7} Wasich
R:S ratio 0.22+0.02 - (Ericsson, 1995). 3hH, 7] 2g&o] Z7UEl= 0.36£0.01
R:T ratio 0.18+0.01 - g em” &, 580 E7]U%(0.39-0.43) 0k WA et

(Park et al., 2005). ol= 552 1y F7iol| wieh Az =
7, 2ld F=F R A v S 5 E719) sl S0
BEF 4.85+0.25 ) 7]QIgtcKSellin, 1994; Nogueira et al., 2014; Shen et al.,
Values indicate mean + standard error (n=16). 2024).

Stem density (g cm?) 0.36+0.01 -
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Figure 4. Comparison of biomass estimation regression lines based
on diameter at breast height (DBH) between the previous study
(Noh et al., 2013) (blue dashed lines) and this study (red soild
lines) for P. densiflora. Red dots indicate observed biomass values
from harvested saplings in this study.
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