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[bookmark: OLE_LINK3]Supplementary Methods
Meta-analysis
Global in situ soil-atmosphere trace gas measurements
To provide a global context for detailed field measurements, we compiled 17 published studies that assess the impact of nitrogen (N) fertilizer addition on N2O fluxes and mineralized N across various stages of fruit maturity (Table S2). Utilizing these datasets, we estimated the average effect size of N fertilizer addition on soil-atmosphere N2O fluxes at different stand ages.
Criteria for data collection
We conducted a screening of N adjustment experiments involving added N fertilizer to obtain in situ data on soil-atmosphere N2O flux in orchards of different ages. We reviewed 16 peer-reviewed journal articles published before May 2024 that met our criteria, sourced from the China National Knowledge Infrastructure (https://www.cnki.net) and Web of Science (http://apps.webofknowledge.com). The search terms employed were "nitrogen fertilizer" or "N2O" or "ammonium nitrogen" or "nitrate nitrogen" and "orchard".
To reduce publication bias, all observations met the following criteria.
1) All data were collected from field measurements and laboratory culture data were deleted.
2) The treatment area and the control area were studied under the same natural environmental conditions. Nitrogen fertilizer increases of different magnitude were considered independent and included in this meta-analysis.
3) Only articles containing N2O are included.
4) Sample sizes, means and standard deviations of both treatments and controls were obtained directly or were calculated from other data (standard errors, 95% bootstrap confidence interval (CI)) presented in the articles.
5) When the data were presented as figures, we used ENGAUGE DIGITIZER 4.1 (Free Software Foundation Inc., Boston, MA, USA) to extract the data.



Before data analysis, the validity of each group of data was tested using the Kolmogorov-Smirnov (K-S) test. The normal distribution of the data was estimated using the non-parametric method (Bootstrap) to generate combined effect values () and conduct data analysis with a 95% CI (Wang et al., 2019). The means ( for treatments and for controls), sample sizes (nt for treatments and nc for controls) and standard deviations (st for treatments and sc for controls) of both the treatment and control were provided directly or were calculated using the SE or 95% CI from the studies. These values were employed to calculate the individual effect size (lnR; Eq. 1), variance (v; Eq. 2) and weighting factor (w; Eq. 3) via meta-analysis (Hedges et al., 1999).

                              (1)

                           (2)

                                       (3)

We calculated the weighted effect size (lnEE, Eq. 4) and the associated 95% bootstrap CI (Eq. 6 based on Eq. 5) from individual  (i=1, 2, 3…, n) values by assigning a greater weight to the entries with a lower variance to improve the precision of our analysis as the mean effect size using a mixed model. Here, n is the number of entries in a certain category (see Categories for data collection), and i is the ith entry. If the number of entries used to calculate the weighted effect size is <20, the 95% CI will be narrow (Hedges et al., 1999); we conducted a resampling test with 4999 interactions to assess the 95% bootstrap CI and statistical significance. The response of the variable to different stand ages was considered significant if the 95% CI did not overlap with zero. If the weighted effect size of a variable in response to different stand ages was greater than zero, it was identified as a “positive” effect; otherwise, it was designated “negative”. MetaWin 2.0 (Rosenberg et al., 2000) was used to calculate the weighted effect size and 95% bootstrap CI.
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                     (6)
We also calculated the percentage change (P, Eq. 7; Lu et al. 2013) of each category based on the weighted effect size.

                         (7)

Table S1 Time and amount of fertilizer applied.
	Fertilization time
	Fertilizer types 
	[bookmark: OLE_LINK97][bookmark: OLE_LINK98]N kg ha–1
	P2O5 kg ha–1
	K2O kg ha–1

	
	
	5yr
	25yr
	5yr
	25yr
	5yr
	25yr

	2017.11.04
	Compound fertilizer
	321.78
	321.78
	128.71
	128.71
	[bookmark: OLE_LINK1]321.78
	321.78

	2018.04.08
	Urea 
	172.28
	[bookmark: OLE_LINK117][bookmark: OLE_LINK118]287.13
	—
	—
	—
	—

	2018.07.14
	Compound fertilizer
	222.77
	222.77
	61.88
	61.88
	272.28
	272.28

	2018.10.01
	Compound fertilizer
	346.53
	346.53
	396.04
	396.04
	284.65
	284.65

	2019.04.11
	Urea
	227.72
	227.72
	—
	—
	—
	—

	2019.07.21
	Compound fertilizer
	89.11
	89.11
	19.80
	19.80
	118.81
	118.81




Table S2 Data matrix used in the meta-analysis.
	Study
	Site name
	Longitude
	Latitude
	MAT
	MAP
	climatic zone
	age

	(Liu et al., 2016)
	Jiangxi Province
	115°04′E
	26°44′N
	18
	1509
	subtropical
	0

	(Tu and Zhang, 2018)
	Zhejiang Province
	120°40′12″E
	30°40′12″N
	15.9
	1200
	subtropical
	6

	(Ma, 2022)
	Shaanxi Province
	109°35′14″W
	35°10′37″N
	11.4
	550
	template
	12

	(He, 2022)
	Shaanxi Province
	108°40′E
	34°18′N
	12.9
	635.1
	template
	3

	(Zhu, 2019)
	Shaanxi province
	109°21′36″E
	35°46′48″N
	10.7
	512
	template
	5

	(Ma et al., 2021)
	Shaanxi Province
	109°34′58″E
	35°12′15″N
	11.4
	550
	template
	15

	(Han et al., 2019)
	Shaanxi Province
	107°41'E
	35°14'N
	9.1
	582
	template
	15

	(Xu et al., 2024)
	Jiangsu Province
	119°14′E
	31°97′N
	16.2
	1192
	subtropical
	5

	(Oo et al., 2018)
	Ibaraki, Japan
	140°26′E
	36°16′N
	13.3
	1349
	template
	25

	(Wu et al., 2017a)
	Jiangxi Province
	115°04′E
	26°44′N
	18
	1509
	subtropical
	1

	(Xie et al., 2017)
	Shandong province
	120°45′E
	37°490 N
	11.9
	664
	template
	8

	(Cheng et al., 2017)
	Jiangsu Province
	119° 59′E
	31° 28′N
	15.7
	1177
	subtropical
	6

	Marques et al., 2018
	Nelas, Portugal
	7°51′W
	40°31′N
	14.15
	1170
	template
	15

	(Rowlings et al., 2013)
	Brisbane, Australia
	152°W
	26°N
	19.9
	1709
	subtropical
	20

	(Wang et al., 2018)
	The Xinjiang Uygur
Autonomous Region
	86°04′22″ E
	41°48′21″ N
	11.15
	55
	template
	6

	(Zhu et al., 2015)
	Hainan Province
	109°29' E
	19° 30′ N
	23.5
	1815
	tropical
	0

	(Wu et al., 2017b)
	Jiangxi Province
	115°04′E
	26°44′N
	18
	1509
	subtropical
	1




[image: ]
[bookmark: OLE_LINK2]Fig. S1 Daily precipitation, maximum temperature and minimum temperature during experiment period.

[image: 树龄1]
[bookmark: OLE_LINK4]Fig. S2 Effects of nitrogen fertilizer on soil NH4+-N, NO3--N and N2O in orchards of different ages. The error bar represents a 95% confidence interval (CI). The number of observations is shown next to the right Y-axis. a, age.

[image: ]
Fig. S3 Soil N2O fluxes and WFPS of non-fertilized plots in young and old apple orchards, black dotted box indicates the range of WFPS that produced higher N2O emissions (n = 210).

[image: MAP]
Fig. S4 The relationships between the lnR of soil N2O emission and MAP. MAP, mean annual precipitation.
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