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Text S1. Calculation of WFPS 16 

WFPS was calculated using Eq. S1 (Liu et al., 2007): 17 

WFPS (%) = (Ɵv/P)*100                                               (S1) 18 

where Ɵv denotes the volumetric water content (%) and P represents the total soil porosity. 19 

The volumetric water content (Ɵv) was calculated using Eq. S2: 20 

Ɵv (%) = Ɵg*Bd                                                       (S2) 21 

where Ɵg denotes the gravimetric water content (%) and Bd denotes the bulk density 22 

(g/cm3). Bd (1.12±0.1 g/cm3 on average; n = 3) was estimated by dividing the dry weight 23 

of each soil sample by the volume of the forested soil. The average value of Bd estimated 24 

in this study corresponds well with those determined in forested soils (Han et al., 2016; 25 

Jalabert et al., 2010; Teepe et al., 2003). 26 

The gravimetric soil water content (Ɵg) was calculated using Eq. S3: 27 

Ɵg (%) = (Msoil − Mdry) / Mdry,                                             (S3) 28 

where Msoil denotes the initial weight of the sampled soil and Mdry denotes the final weight 29 

of the soil that had been dried for 48 h in an oven at 80 °C. 30 

Total soil porosity (P) was calculated using Eq. S4: 31 

P (%) = (1 − (Bd/Pd))*100                                                (S4) 32 

where Pd denotes the soil density. In this study, we used a regular soil density of 2.65 g/cm3 33 

for Pd (Blake, 2008). 34 

 35 

Text S2. Comparative experiment for the extraction of soil NO₂⁻ 36 

While the 2M KCl extraction is widely used for soil nitrite (NO₂⁻) analysis (e.g., 37 

Lewicka-Szczebak et al., 2021; Shen et al., 2003), Homyak et al. (2015) raised the concerns 38 
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that the recovery of soil NO₂⁻ could be low when using KCl solutions compared to 39 

deionized water. 40 

To evaluate this potential issue, we conducted a comparative experiment in April 2022 41 

prior to this study. We collected a soil sample from our study site, which was thoroughly 42 

homogenized and divided into two 50 g subsamples. Each subsample was then extracted 43 

with either 50 mL of 2M KCl solution or 50 mL MQ water, following the same analytical 44 

procedures used in this study. 45 

Our results showed consistent values between the two extraction methods: the KCl-46 

extracted sample yielded a NO₂⁻ concentration of 0.90 µM with Δ¹⁷O of 0.55±0.1‰, while 47 

the MQ water-extracted sample showed a NO₂⁻ concentration of 0.98 µM with Δ¹⁷O of 48 

0.62±0.1‰. Because both the concentration and Δ¹⁷O value of soil NO₂⁻ in KCl solution 49 

and MQ water showed no significant differences, we concluded that for our soil type and 50 

experimental conditions, the use of 2M KCl solution introduced negligible bias in terms of 51 

NO₂⁻ recovery or Δ¹⁷O measurements compared to MQ water extraction. 52 

 53 

Text S3. Approximating 1/[N2O] as 0 54 

During the nitrification reaction, only N2O is the gaseous component. However, because 55 

of the further reduction of N2O to N2 during denitrification in soils, the emission of N2O 56 

from soil was typically accompanied by N2 emission (Figure 1). Consequently, the 57 

concentration of N2O ([N2O]) in the gas emitted from the soil could be diluted by N2 to 58 

some extent; thus, [N2O] emitted from the soil could be less than 100 %. If [N2O] emitted 59 

from the soil was smaller than 100 %, the Δ17O value of N2O emitted from the soil (“true” 60 

Δ17O value) should deviate from that determined using the linear correlation between 61 
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1/[N2O] and the Δ17O, assuming that the 1/[N2O] was 0 in the gas emitted from the soil 62 

(Figures 3, 5, and S5). However, the N2O/(N2O + N2) ratios of soil gas were always higher 63 

than 3% (Domeignoz-Horta et al., 2015; Scheer et al., 2020; Wang et al., 2020), which 64 

corresponds to 1/[N2O] being less than 3.3 *10−8 ppb−1 for N2O emitted from the soil. 65 

Because almost all slopes found in the linear correlation between 1/[N2O] and Δ17O showed 66 

were less than 2600 ‰ per ppb−1 (Figures 3, 5, and S5), the deviations in the Δ17O values 67 

from the “true” value of each were always less than 0.0001 ‰. Consequently, we ignored 68 

the deviation and used a 1/[N2O] value of 0 for N2O emitted from the soil. 69 

  70 
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Figure S1. Schematic showing the flow chamber system used for sampling gases emitted 71 

from soil. 72 
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Figure S2. Results of repeated measurements of N2O in an atmospheric sample collected 73 

at Nagoya University. 74 
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Figure S3. Δ17O values of N2O in the standards (STD1 and STD2) determined on the 76 

VSMOW scale plotted as a function of the reciprocal of the O2 quantities evolved through 77 

offline reactions with NiO and BrF5. 78 

 79 

Figure S4. Relationship between the Δ17O values of the N2O standards determined using 80 

the CF-IRMS system and those of the same N2O standards determined using the offline 81 

method. During the measurements using the CF-IRMS system, pure O2 in a cylinder with 82 

Δ17O values calibrated to the VSMOW scale was used as the reference gas. 83 
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Figure S5. Changes in [N2O] of the gas samples collected from the forested soil plotted as 84 

a function of the elapsed time since the deployment of the flow chamber, and the δ15N, 85 

δ18O, and Δ17O values of N2O plotted as a function of the reciprocal of [N2O] (1/[N2O]). 86 
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Figure S5. (continued). Changes in [N2O] of the gas samples collected from the forested 87 

soil plotted as a function of the elapsed time since the deployment of the flow chamber, 88 

and the δ15N, δ18O, and Δ17O values of N2O plotted as a function of the reciprocal of [N2O] 89 

(1/[N2O]).90 
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Table S1. Data obtained in this study. 91 

T#: Air temperature 92 

P#: Precipitation 93 

WFPS#: Water-filled pore space94 

Δ17O (N2O)δ18O (N2O)δ15N (N2O)Δ17O (NO2-)δ18O (NO2-)Flux-N2O[NO2-][NO3-][NH4+]WFPS#P#Wind speedT#TimeSoil type

‰μg N m-2 h-1mg N kg-1%mmm / s°C
-0.3226.1-27.50.5012.033.60.031.211.571.605.3 22.3 2022/4/26Natural soil

---0.046.720.60.010.97.660.504.8 25.2 2022/6/9
-0.4037.6-17.90.255.196.90.160.410.177.403.7 30.5 2022/7/11
0.1718.4-26.60.296.986.90.170.48.961.117.53.6 30.2 2022/8/8
-0.0630.9-19.50.067.3723.70.090.59.592.311.52.1 26.6 2022/9/8
-0.2833.2-210.132.426.00.121.612.569.703.3 31.1 2022/9/13
-0.3427.6-21.30.093.106.50.211.616.960.901.5 20.3 2022/10/13

---21.20.214.511.10.035.90.759.603.7 17.4 2022/11/5
-0.31--21.10.115.840.80.152.29.763.707.0 6.4 2022/12/14

---0.246.22-0.20.162.58.574.303.0 5.3 2023/1/29
-0.2626.6-22.40.255.552.40.126.08.668.704.2 18.9 2023/3/9
0.2622.7-25.90.295.9367.30.453.213.091.516.53.9 18.4 2023/3/23
0.2228.2-18.50.236.9177.40.161.211.7113.732.55.8 16.3 2023/4/7
-0.1133.4-21.70.206.859.80.231.111.666.205.2 19.9 2023/4/11
0.1831.1-18.00.254.2420.00.190.911.7108.433.51.9 13.7 2023/4/15
-0.3431.9-25.30.405.753.70.130.710.161.702.9 31.2 2023/5/17
-0.0336.2-13.80.195.7937.40.040.036.2106.71372.3 21.4 2023/6/2
-0.39--25.80.406.253.80.150.17.658.704.4 31.1 2023/7/4
-0.3736.1-17.10.422.695.20.202.012.471.904.1 34.6 2023/7/18 NFFertilized soil
-0.3240-12.20.351.334.20.262.612.059.404.7 30.9 2023/7/22 NF
-0.1434.4-39.30.317.6470.60.105.4410.280.304.1 34.6 2023/7/18 U
-0.1625.7-33.30.175.4056.70.0720.5435.962.904.7 30.9 2023/7/22 U
8.2254.1-19.38.2628.98112.30.09247.812.947.604.1 34.6 2023/7/18 CS
7.3658.7-11.312.3245.2439.40.07309.018.737.904.7 30.9 2023/7/22 CS
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