


Appendix

Formula S1:

                                                                (S1)

In the equation,  represents biomass (kg), and  and  denote diameter at breast height (cm) and tree height (m), respectively, measured during the tree inventory conducted in July 2023. The parameters a and b are empirical coefficients. Specifically, for stem biomass estimation, a = 0.0334 and b = 0.9171; for branch biomass, a = 0.0028 and b = 0.9417; for leaf biomass, a = 0.0050 and b = 0.7309; and for coarse root biomass, a = 0.0226 and b = 0.8520.

Formula S2:

                                                   (S2)

In the equation,  represents the stock of total nitrogen (t·ha-¹) or alkali-hydrolyzable nitrogen (t·ha-¹) in a specific soil layer;  denotes soil bulk density (g·cm-3) of the corresponding layer;  refers to the concentration of total nitrogen (g·kg-¹) or alkali-hydrolyzable nitrogen (mg·kg-¹) in that soil layer;  represents the thickness of the soil layer (cm), and  is a conversion coefficient used for unit standardization.

Formula S3:

                                              (S3)

Whear  is the amount of nitrogen resorption from litter collected at the i-th sampling;  is the nitrogen concentration in the litterfall needles collected at that sampling, and  is the nitrogen concentration in mature needles;  is the correction factor for mass loss during leaf senescence; in this study, the average correction coefficient of 0.745 for conifer functional groups proposed by Vergutz et al. was adopted; is the litterfall needle biomass collected at the i-th sampling (t·ha-¹).

Formula S4:

                                                           (S4)

where annual nitrogen resorption () amount was calculated as the sum of the nitrogen resorption() from needles across all sampling events within one year.

Formula S5:

                                                    (S5)

where  is nitrogen use efficiency; is annual increment in tree biomass; is annual increment in tree N stock.

Formula S6:

                                                                (S6)

where  is nitrogen cycling coefficient;  is annual nitrogen return;  is annual nitrogen uptake.

Formula S7:

                                                    (S7)

where  ia nitrogen uptake efficiency;  is total soil nitrogen stock in the 0-30 cm soil layer.

Formula S8:

                                         (S8)

where  is nitrogen enrichment in topsoil;  ia nitrogen stock in the 0-1 cm topsoil;  is nitrogen stock in the 0-10 cm soil layer.

Formula S9:

                                                           (S9)

where  is proportion available nitrogen in soil;  is available soil nitrogen stock in the 0-30 cm profile.

Formula S10:

                                         (S10)

where  is accumulation of nitrogen in forest floor litter;  is nitrogen stock of areal accumulated litter.

Formula S11:

                                                                  (S11)

where  is turnover rate of forest floor litter;  is annual litterfall biomass;  is forest floor litter biomass.

Formula S12:

                                                           (S12)

where  is internal nitrogen cycling;  is nitrogen concentration in mature green needles during the growing season;  is nitrogen concentration in freshly fallen needle litter.

Table S1
Principal component loadings for composite variables used in piecewise SEM.
	Composite variable
	Indicator
	PC1 loading

	Plant_N
	Tree nitrogen storage 
	-0.71

	
	Total herb biomass 
	0.70

	Litter_N
	Soil suffer litter biomass 
	0.69

	
	Annual litter production 
	0.72

	Soil_N
	Soil organic carbon 
	0.55

	
	Soil total nitrogen 
	0.61

	
	Alkali-hydrolyzable nitrogen 
	0.58

	N_acquisition
	Annual nitrogen retention
	0.35

	
	Nitrogen use efficiency (NUE)
	0.51

	
	Stand total nitrogen efficiency (STNE)
	-0.54

	
	Soil available nitrogen productivity (SANP)
	0.57

	N_cycling
	Litter turnover rate (LTR)
	0.62

	
	Forest floor apparent nitrogen productivity (FFANP)
	0.63

	
	Internal nitrogen cycling (INC)
	0.46


Table S2
Percentage (%) of biomass or N stock in different components of Larix principis-rupprechtii plantations varying in stand age (year). Data represent mean ± standard error (SE; n = 4). Different lowercase letters within columns indicate significant differences (p < 0.05) among plantations with different stand ages.
	
	Stand age
	0-30 cm soil
	Tree
	Shurb-herb
	Floor litter

	Biomass
	11
	——
	57.99±6.99c
	17.42±6.06a
	24.59±1.39a

	
	23
	——
	75.74±0.61b
	1.15±0.71b
	23.12±0.71a

	
	37
	——
	86.15±1.41ab
	1.94±0.16b
	11.92±1.31b

	
	47
	——
	91.71±1.51a
	1.35±0.370b
	6.94±1.152c

	N stock
	11
	97.55±0.19a
	1.51±0.17c
	0.00±0.00b
	0.94±0.34a

	
	23
	95.75±0.08ab
	3.96±0.14bc
	0.00±0.00a
	0.28±0.19a

	
	37
	93.51±0.35bc
	5.87±0.36b
	0.00±0.00ab
	0.62±0.02a

	
	47
	90.06±1.57c
	9.54±1.60a
	0.00±0.00b
	0.40±0.03a


Table S3
[bookmark: OLE_LINK7]Nitrogen use efficiency and nitrogen cycling coefficient of Larix principis-rupprechtii plantations with different stand ages. Data represent mean ± standard error (SE; n = 4). Different lowercase letters within columns indicate significant differences (p < 0.05) among plantations at different stand ages.
	Age
	11
	23
	37
	47

	NUE
	2.19±0.05b
	4.07±0.30a
	4.48±0.19a
	2.62±0.10b

	NCC
	0.19±0.07a
	0.28±0.04a
	0.49±0.19a
	0.38±0.04a


Table S4
Tests of directed separation. A non-significant result means that there is no missing causal path. Fisher's C test shows that there is no significant deviation between the assumed model and the observed data.
	Directed separation test
	Test statistic
	p value

	Litter_N ~ Age
	-0.134
	0.897

	N_cycling ~ Plant_N
	0.817
	0.445

	N_acquisition ~ Litter_N
	2.135
	0.065

	N_acquisition ~ Soil_N
	-0.418
	0.689


Table S5
Overall model fit.
	Metric
	Value

	AIC
	50.04

	BIC
	60.22

	Fisher’s C
	8.04

	df
	8

	p value
	0.43






