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Persistent soil organic carbon is more susceptible to the priming effect than labile soil organic carbon


This supplementary material includes three tables, two figures and one note.

Table S1 Comparison of previous studies on the priming effect on SOC pools.
	Reference
	Ecosystem
	Experimental design
	Method
	Sample number
	Focus
	Factor(s)
	Conclusions

	de Graaff et al. (2014)
	Grassland
	Soil incubated with 13C labelled root exudate surrogates
	Soil profile
	6 soils
	Priming effects along soil profile
	C availability by soil depth and root C input
	Higher priming effect on surface soil

	Henneron et al. (2020)
	Grassland
	Plants grown in soil layers 
	Topsoil versus subsoil layers
	3 soils
	Priming effect on subsoil C
	Minerals, soil depth
	Strong priming effect on millennia-old subsoil C

	Su et al. (2023)
	Grassland
	Soil incubated with 13C-labelled C
	Soil profile
	2 soils
	Sensitivity of SOC with different ages
	C types and N addition
	Higher priming effect on 500-year-old C than older C

	Zhang et al. (2017)
	Cropland
	Soil incubated with maize leaves
	Arable versus bare-fallow soils
	2 soils
	Phases of priming; vulnerability of SOC pools
	Soil property
	No difference between SOC pools

	Zhang et al. (2023)
	Cropland
	Plants grown in different soils and meta-analysis

	Soil preincubation and arable versus bare-fallow soils
	2 soils for planting; 42 observations
	Vulnerability of SOC pools
	SOC, C:N, MBC
	Higher priming effect on stable SOC

	Zheng et al. (2023)
	Cropland and forest
	[bookmark: OLE_LINK2]Soil incubated with 13C-labelled glucose
	Isolated SOC pools separated by sieving
	2 soils
	Priming effect on POM-C versus MAOM-C
	N addition
	N addition stimulates the priming effect on POM-C

	Zhou et al. (2022)
	Cropland and grassland
	Three-source-partitioning isotopic approach and meta-analysis
	C3-C4 vegetation switch
	1 soil; 86 observations
	Priming effect on decadal SOC
	Frequent C input
	Frequent carbon input primes decadal C

	This study
	Cropland, grassland, forest and others (e.g. tundra)
	Meta-analysis
	First-order kinetic decomposition model with two SOC pools
	219 observations
	Susceptibility of persistent SOC versus labile SOC
	Soil pH, C:N and incubation duration
	Higher susceptibility of persistent SOC than labile SOC


SOC, soil organic carbon; POM, particulate organic matter; MAOM, mineral-associated organic matter; N, nitrogen; MBC, microbial biomass carbon

References
de Graaff MA, Jastrow JD, GilletteS, Johns A, Wullschleger SD (2014) Differential priming of soil carbon driven by soil depth and root impacts on carbon availability. Soil Biol Biochem 69: 147-156. https://doi.org/10.1016/j.soilbio.2013.10.047
Henneron L, Cros C, Picon-Cochard C, Rahimian V, Fontaine S (2020) Plant economic strategies of grassland species control soil carbon dynamics through rhizodeposition. J Ecol 108: 528-545. https://doi.org/10.1111/1365-2745.13276
Su J, Zhang H, Han X, Lv R, Liu L, Jiang Y, Li H, Kuzyakov Y, Wei C (2023) 5300-Year-old soil carbon is less primed than young soil organic matter. Global Change Biol 29: 260-275. https://doi.org/10.1111/gcb.16463
Zhang Q, Feng J, Li J, Huang CY, Shen Y, Cheng W, Zhu B (2023) A distinct sensitivity to the priming effect between labile and stable soil organic carbon. New Phytol 237: 88-99. https://doi.org/10.1111/nph.18458
Zhang X, Han X, Yu W, Wang P, Cheng W (2017) Priming effects on labile and stable soil organic carbon decomposition: Pulse dynamics over two years. PLoS ONE 12: e0184978. https://doi.org/10.1371/journal.pone.0184978
Zheng Y, Jin J, Wang X, Clark G, Franks A, Tang C (2023) Nitrogen addition increases the glucose-induced priming effect of the particulate but not the mineral-associated organic carbon fraction. Soil Biol Biochem 184: 109106. https://doi.org/10.1016/j.soilbio.2023.109106
Zhou J, Guillaume T, Wen Y, Blagodatskaya E, Shahbaz M, Zeng Z, Peixoto L, Zang H, Kuzyakov Y (2022) Frequent carbon input primes decomposition of decadal soil organic matter. Soil Biol Biochem 175: 108850. https://doi.org/10.1016/j.soilbio.2022.108850

Note S1 Studies included in the current meta-analysis
1. Adhikari D, Dunham-Cheatham SM, Wordofa DN, Verburg P, Poulson SR, Yang Y (2019) Aerobic respiration of mineral-bound organic carbon in a soil. Sci Total Environ 651: 1253-1260. https://doi.org/10.1016/j.scitotenv.2018.09.271
2. Aye NS, Butterly CR, Sale PWG, Tang CX (2018) Interactive effects of initial pH and nitrogen status on soil organic carbon priming by glucose and lignocellulose. Soil Biol Biochem 123: 33-44. https://doi.org/10.1016/j.soilbio.2018.04.027
3. Bastida F, Torres IF, Hernández T, Bombach P, Richnow HH, García C (2013) Can the labile carbon contribute to carbon immobilization in semiarid soils? Priming effects and microbial community dynamics. Soil Biol Biochem 57: 892-902. https://doi.org/10.1016/j.soilbio.2012.10.037
4. Bernal B, McKinley DC, Hungate BA, White PM, Mozdzer TJ, Megonigal JP (2016) Limits to soil carbon stability; Deep, ancient soil carbon decomposition stimulated by new labile organic inputs. Soil Biol Biochem 98: 85-94. https://doi.org/10.1016/j.soilbio.2016.04.007
5. Blagodatskaya E, Yuyukina T, Blagodatsky S, Kuzyakov Y (2011) Three-source-partitioning of microbial biomass and of CO2 efflux from soil to evaluate mechanisms of priming effects. Soil Biol Biochem 43: 778-786. https://doi.org/10.1016/j.soilbio.2010.12.011
6. Blagodatsky S, Blagodatskaya E, Yuyukina T, Kuzyakov Y (2010) Model of apparent and real priming effects: Linking microbial activity with soil organic matter decomposition. Soil Biol Biochem 42: 1275-1283. https://doi.org/10.1016/j.soilbio.2010.04.005
7. Boos EF, Magid J, Bruun S, Jørgensen NOG (2022) Liquid scintillation counting can underestimate 14C-activity of 14CO2 trapped in NaOH. Soil Biol Biochem 166: 108576. https://doi.org/10.1016/j.soilbio.2022.108576
8. Chang Q, Liu Z, Zhang T, Liu S, Liu B, Fan X, Meng D, Zhang K, Bai E (2024) Soil priming effect in the organic and mineral layers regulated by nitrogen mining mechanism in a temperate forest. Land Degrad Dev 35: 4961-4971. https://doi.org/10.1002/ldr.5270
9. Chotte JL, Ladd JN, Amato M (1998) Sites of microbial assimilation, and turnover of soluble and particulate 14C-labelled substrates decomposing in a clay soil. Soil Biol Biochem 30: 205-218. https://doi.org/10.1016/S0038-0717(97)00115-6
10. Conde E, Cardenas M, Ponce-Mendoza A, Cruz-Mondragon C, Dendooven L (2005) The impacts of inorganic nitrogen application on mineralization of 14C-labelled maize and glucose, and on priming effect in saline alkaline soil. Soil Biol Biochem 37: 681-691. https://doi.org/10.1016/j.soilbio.2004.08.026
11. Cui J, Zhu ZK, Xu XL, Liu SL, Jones DL, Kuzyakov Y, Shibistova O, Wu JS, Ge TD (2020) Carbon and nitrogen recycling from microbial necromass to cope with C:N stoichiometric imbalance by priming. Soil Biol Biochem 142: 107720. https://doi.org/10.1016/j.soilbio.2020.107720
12. Di Lonardo DP, De Boer W, Klein Gunnewiek PJA, Hannula SE, van der Wal A (2017) Priming of soil organic matter: Chemical structure of added compounds is more important than the energy content. Soil Biol Biochem 108: 41-54. https://doi.org/10.1016/j.soilbio.2017.01.017
13. Di Lonardo DP, De Boer W, Zweers H, van der Wal A (2019) Effect of the amount of organic trigger compounds, nitrogen and soil microbial biomass on the magnitude of priming of soil organic matter. PLOS ONE 14: e0216730. https://doi.org/10.1371/journal.pone.0216730
14. Dilly O, Zyakun A (2008) Priming effect and respiratory quotient in a forest soil amended with glucose. Geomicrobiol J 25: 425-431. https://doi.org/10.1080/01490450802403099
15. Huang SS, Huo CF, Xie HT, Wang P, Cheng WX (2019) Soil organic carbon mineralization and priming effects in the topsoil and subsoil under no-tillage black soil. Chin J Appl Ecol 30: 1877-1884. (in Chinese) https://doi.org/10.13287/j.1001-9332.201906.015
16. Karhu K, Alaei S, Li J, Merila P, Ostonen L, Bengtson P (2022) Microbial carbon use efficiency and priming of soil organic matter mineralization by glucose additions in boreal forest soils with different C:N ratios. Soil Biol Biochem 167: 108615. https://doi.org/10.1016/j.soilbio.2022.108615
17. Li YR, Shahbaz M, Zhu ZK, Chen AL, Nannipieri P, Li BZ, Deng YW, Wu JS, Ge TD (2020) Contrasting response of organic carbon mineralisation to iron oxide addition under conditions of low and high microbial biomass in anoxic paddy soil. Biol Fertil Soils 57: 117-129. https://doi.org/10.1007/s00374-020-01510-8
18. Liao C, Li D, Huang L, Liu F, Tian Q (2020) Higher carbon sequestration potential and stability for deep soil compared to surface soil regardless of nitrogen addition in a subtropical forest. PeerJ 8: e9128. https://doi.org/10.7717/peerj.9128
19. Liao C, Tian QX, Wang DY, Qu LY, Wu Y, Liu F (2016) Effects of labile carbon addition on organic carbon mineralization and microbial growth strategies in subtropical forest soils. Chin J Appl Ecol 27: 2848-2854. (in Chinese) https://doi.org/10.13287/j.1001-9332.201609.038
20. Liu L, Estiarte M, Bengtson P, Li J, Asensio D, Wallander H, Penuelas J (2022) Drought legacies on soil respiration and microbial community in a Mediterranean forest soil under different soil moisture and carbon inputs. Geoderma 405: 115425. https://doi.org/10.1016/j.geoderma.2021.115425
21. Liu XJA, Hayer M, Mau RL, Schwartz E, Dijkstra P, Hungate BA (2021) Substrate stoichiometric regulation of microbial respiration and community dynamics across four different ecosystems. Soil Biol Biochem 163: 108458. https://doi.org/10.1016/j.soilbio.2021.108458
22. Luo Y, Zang HD, Yu ZY, Chen ZY, Gunina A, Kuzyakov Y, Xu JM, Zhang KL, Brookes PC (2017) Priming effects in biochar enriched soils using a three-source-partitioning approach: 14C labelling and 13C natural abundance. Soil Biol Biochem 106: 28-35. https://doi.org/10.1016/j.soilbio.2016.12.006
23. Lyu MK, Xie JS, Wang C, Guo JF, Wang MH, Liu XF, Chen YH, Chen GS, Yang YS (2015) Forest conversion stimulated deep soil C losses and decreased C recalcitrance through priming effect in subtropical China. Biol Fertil Soils 51: 857-867. https://doi.org/10.1007/s00374-015-1035-y
24. Ma X, Wei L, Tang ML, Xu FL, Zhu ZK, Ge TD, Wu JS (2018) Effects of varying long-term fertilization on organic carbon mineralization and priming effect of paddy soil. Environ Sci 39: 4680-4686. (in Chinese) https://doi.org/10.13227/j.hjkx.201805050
25. Mason-Jones K, Kuzyakov Y (2017) "Non-metabolizable" glucose analogue shines new light on priming mechanisms: Triggering of microbial metabolism. Soil Biol Biochem 107: 68-76. https://doi.org/10.1016/j.soilbio.2016.12.015
26. Mehnaz KR, Corneo PE, Keitel C, Dijkstra FA (2019) Carbon and phosphorus addition effects on microbial carbon use efficiency, soil organic matter priming, gross nitrogen mineralization and nitrous oxide emission from soil. Soil Biol Biochem 134: 175-186. https://doi.org/10.1016/j.soilbio.2019.04.003
27. Nottingham AT, Griffiths H, Chamberlain PM, Stott AW, Tanner EVJ (2009) Soil priming by sugar and leaf-litter substrates: A link to microbial groups. Appl Soil Ecol 42: 183-190. https://doi.org/10.1016/j.apsoil.2009.03.003
28. Qi D, Huang G, Feng Y, He X, Song Y, Song FQ (2024) Nitrogen addition suppresses soil positive priming effect in temperate plantations: evidence from an 8-year in situ field experiment. Funct Ecol 38: 429-438. https://doi.org/10.1111/1365-2435.14484
29. Qiao N, Schaefer D, Blagodatskaya E, Zou XM, Xu XL, Kuzyakov Y (2014) Labile carbon retention compensates for CO2 released by priming in forest soils. Glob Change Biol 20: 1943-1954. https://doi.org/10.1111/gcb.12458
30. Qiao N, Wang J, Xu XL, Shen YX, Long XE, Hu YH, Schaefer D, Li SG, Wang HM, Kuzyakov Y (2019) Priming alters soil carbon dynamics during forest succession. Biol Fertil Soils 55: 339-350. https://doi.org/10.1007/s00374-019-01351-0
31. Qiu HS, Zheng XD, Ge TD, Dorodnikov M, Chen XB, Hu YJ, Kuzyakov Y, Wu JS, Su YR, Zhang ZH (2017) Weaker priming and mineralisation of low molecular weight organic substances in paddy than in upland soil. Eur J Soil Biol 83: 9-17. https://doi.org/10.1016/j.ejsobi.2017.09.008
32. Qiu QY, Yang Y, Wang H, Hu YL (2020) Effects of labile organic carbon application rates on the priming effect at different soil depths in an evergreen broadleaved forest of Wuyi Mountain. Chin J Ecol 39: 1153-1163. (in Chinese)
33. Qiu QY, Yao KL, Liu J, Ge ZQ, Xu WB, Liu HX, Hu YL (2019) Effects of labile organic carbon input on the priming effect along an ecological restoration gradient. Acta Ecol Sin 39: 4855-4864. (in Chinese) https://doi.org/10.5846/stxb201805040995
34. Sawada K, Inagaki Y, Toyota K (2021) Priming effects induced by C and N additions in relation to microbial biomass turnover in Japanese forest soils. Appl Soil Ecol 162: 103884. https://doi.org/10.1016/j.apsoil.2021.103884
35. Shahbaz M, Kumar A, Kuzyakov Y, Börjesson G, Blagodatskaya E (2018) Priming effects induced by glucose and decaying plant residues on SOM decomposition: A three-source 13C/14C partitioning study. Soil Biol Biochem 121: 138-146. https://doi.org/10.1016/j.soilbio.2018.03.004
36. Su J, Zhang H, Han X, Lv R, Liu L, Jiang Y, Li H, Kuzyakov Y, Wei C (2023) 5300-Year-old soil carbon is less primed than young soil organic matter. Global Change Biol 29: 260-275. https://doi.org/10.1111/gcb.16463
37. Su Z, Shangguan Z (2023) Nitrogen addition decreases the soil cumulative priming effect and favours soil net carbon gains in Robinia pseudoacacia plantation soil. Geoderma 433: 116444. https://doi.org/10.1016/j.geoderma.2023.116444
38. Tang ML, Wei L, Zhu ZK, Li H, Zhou P, Ge TD, Wu JS, Wang GJ (2018) Responses of organic carbon mineralization and priming effect to phosphorus addition in paddy soils. Chin J Appl Ecol 29: 857-864. (in Chinese) https://doi.org/10.13287/j.1001-9332.201803.023
39. Tang ZZ, Zhu ZK, Shen BJ, Hu YJ, Wang J, Pang J, Tong CL, Ge TD, Wu JS (2017) Effect of stoichiometric ratio of soil nutrients on mineralization and priming effect of glucose in paddy soil. Acta Pedol Sin 54: 246-254. (in Chinese) https://doi.org/10.11766/trxb201604260070
40. Tian QX, Yang XL, Wang XG, Liao C, Li QX, Wang M, Wu Y, Liu F (2016) Microbial community mediated response of organic carbon mineralization to labile carbon and nitrogen addition in topsoil and subsoil. Biogeochemistry 128: 125-139. https://doi.org/10.1007/s10533-016-0198-4
41. Tian YQ, Chen Y, Ouyang SN, Sun Y (2020) The Effect of carbon and nitrogen addition on soil organic matter mineralization in the semi-arid grassland of north China. Ecol Environ Sci 29: 1101-1108. (in Chinese) https://doi.org/10.16258/j.cnki.1674-5906.2020.06.004
42. Wei L, Zhu ZK, Liu SL, Xiao ML, Wang JY, Deng YW, Kuzyakov Y, Wu JS, Ge TD (2021) Temperature sensitivity (Q10) of stable, primed and easily available organic matter pools during decomposition in paddy soil. Appl Soil Ecol 157: 103752. https://doi.org/10.1016/j.apsoil.2020.103752
43. Wei YY, Cui LJ, Zhang MY, Liu WW, Wang DA, Yang S, Xiao HY (2019) Effects of exogenous carbon input on soil organic carbon mineralization and temperature sensitivity of cropland and wetland in the North China Plain. Chin J Eco-Agric 27: 1463-1471. (in Chinese) https://doi.org/10.13930/j.cnki.cjea.190214
44. Wu J, Brookes PC, Jenkinson DS (1993) Formation and destruction of microbial biomass during the decomposition of glucose and ryegrass in soil. Soil Biol Biochem 25: 1435-1441. https://doi.org/10.1016/0038-0717(93)90058-J
45. Wu JS, Zhou P, Li L, Su YR, Yuan HZ, Syers JK (2012) Restricted mineralization of fresh organic materials incorporated into a subtropical paddy soil. J Sci Food Agric 92: 1031-1037. https://doi.org/10.1002/jsfa.4645
46. Xu Q, Jin J, Wang XJ, Armstrong R, Tang CX (2019) Susceptibility of soil organic carbon to priming after long-term CO2 fumigation is mediated by soil texture. Sci Total Environ 657: 1112-1120. https://doi.org/10.1016/j.scitotenv.2018.11.437
47. Xu Q, Yao Z, Chen Y, Liu N, Teng Z, Huang D, Cao W, Kuzyakov Y, Shah T, Zhao N, Wang ZH, Zhang DB, Gao YJ (2024) Priming and balance of soil organic carbon differ with additive C: N ratios and long-term green manuring. Appl Soil Ecol 201: 105495. https://doi.org/10.1016/j.apsoil.2024.105495
48. Yu Q, Zhang Z, He Y, Hao M, Wang G, Dun X, Wu Q, Gao P (2023) Secondary shrubs promoted the priming effect by increasing soil particle organic carbon mineralization. Front For Glob Change 6: 1288259. https://doi.org/10.3389/ffgc.2023.1288259
49. Zhang D, Gong C, Zhang WG, Zhang H, Zhang J, Song CC (2021) Labile carbon addition alters soil organic carbon mineralization but not its temperature sensitivity in a freshwater marsh of Northeast China. Appl Soil Ecol 160: 103844. https://doi.org/10.1016/j.apsoil.2020.103844
50. Zhang HJ, Ding WX, Luo JF, Bolan N, Yu HY, Zhu JG (2016) Temporal responses of microorganisms and native organic carbon mineralization to 13C-glucose addition in a sandy loam soil with long-term fertilization. Eur J Soil Biol 74: 16-22. https://doi.org/10.1016/j.ejsobi.2016.02.007
51. Zhang Q, Feng J, Li J, Huang CY, Shen Y, Cheng W, Zhu B (2023) A distinct sensitivity to the priming effect between labile and stable soil organic carbon. New Phytol 237: 88-99. https://doi.org/10.1111/nph.18458
52. Zhang X, Han X, Yu W, Wang P, Cheng W (2017) Priming effects on labile and stable soil organic carbon decomposition: Pulse dynamics over two years. PLOS ONE 12: e0184978. https://doi.org/10.1371/journal.pone.0184978
53. Zhang YL, Yao SH, Mao JD, Olk DC, Cao XY, Zhang B (2015) Chemical composition of organic matter in a deep soil changed with a positive priming effect due to glucose addition as investigated by 13C NMR spectroscopy. Soil Biol Biochem 85: 137-144. https://doi.org/10.1016/j.soilbio.2015.03.013
54. Zheng Y, Jin J, Wang X, Clark G, Franks A, Tang C (2023) Nitrogen addition increases the glucose-induced priming effect of the particulate but not the mineral-associated organic carbon fraction. Soil Biol Biochem 184: 109106. https://doi.org/10.1016/j.soilbio.2023.109106
55. Zheng YY, Jin J, Wang XJ, Clark GJ, Tang CX (2022) Increasing nitrogen availability does not decrease the priming effect on soil organic matter under pulse glucose and single nitrogen addition in woodland topsoil. Soil Biol Biochem 172: 108767. https://doi.org/10.1016/j.soilbio.2022.108767
56. Zhou J, Feng W, Brown RW, Yang H, Shao G, Shi L, Gui H, Xu J, Li F, Jones DL, Zamanian K (2024) Microplastic contamination accelerates soil carbon loss through positive priming. Sci Total Environ 954: 176273. https://doi.org/10.1016/j.scitotenv.2024.176273
57. Zhou J, Guillaume T, Wen Y, Blagodatskaya E, Shahbaz M, Zeng Z, Peixoto L, Zang H, Kuzyakov Y (2022) Frequent carbon input primes decomposition of decadal soil organic matter. Soil Biol Biochem 175: 108850. https://doi.org/10.1016/j.soilbio.2022.108850
58. Zwetsloot MJ, Ucros JM, Wickings K, Wilhelm RC, Sparks J, Buckley DH, Bauerle TL (2020) Prevalent root-derived phenolics drive shifts in microbial community composition and prime decomposition in forest soil. Soil Biol Biochem 145: 107797. https://doi.org/10.1016/j.soilbio.2020.107797

Table S2 Results of parameters estimated by first-order kinetic model with two soil organic carbon pools (persistent SOC and labile SOC) (mean ± SE).
	Ecosystem
	f (10-2)
	kl (day-1)
	kp (10-3 day-1)
	slope
	R2
	Duration (day)

	Cropland
	0.84 ± 0.08
	0.42 ± 0.00
	0.69 ± 0.08
	1.00 ± 0.02
	0.96 ± 0.00
	44.2 ± 2.50

	Forest
	1.17 ± 0.13
	0.40 ± 0.00
	0.95 ± 0.15
	0.93 ± 0.01
	0.97 ± 0.00
	56.1 ± 4.36

	Grassland
	0.77 ± 0.12
	0.41 ± 0.01
	0.56 ± 0.06
	1.02 ± 0.03
	0.95 ± 0.00
	39.2 ± 4.56

	Other
	4.66 ± 1.34
	0.40 ± 0.00
	2.88 ± 0.52
	0.98 ± 0.02
	0.98 ± 0.00
	55.7 ± 5.47


Note: f is the initial fraction of labile SOC pool. kl and kp are the decay rates of labile and persistent SOC pools (day-1). Slope and R2 are parameters of the relationship between observed values and predicted values. Duration is the experimental duration of incubation.

Table S3 Results for publication bias of decay rates of labile soil organic carbon (kl) and persistent organic carbon (kp) using Kendall's tau and Rosenthal’s methods. Sample size is the number of observations of a given variable.
	
	Kendall's tau
	P
	Fail-safe number
	5n + 10
	P

	kl
	-0.09
	0.05
	17921
	1105
	< 0.0001

	kp
	0.07
	0.13
	70373
	1105
	< 0.0001
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Fig. S1 Preferred Reporting Items for Systematic Meta-Analysis (PRISMA) flow chart showing the article search and selection of data for inclusion in this study.
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Fig. S2 Difference in C addition effect on the decay rates of labile SOC (kl, red) and persistent SOC (kp, bule) (relative to the control treatment without C addition, priming effect, %) between C types (simple sugars versus low-molecular-weight organic acids). Error bars represent 95% confidence intervals (CIs) of the weighted percentage change. When the 95% CIs do not overlap zero, this indicates that the effect of C addition is statistically significant (P < 0.05). The percentage change is calculated by the formula: (elnRR-1) × 100%, where the lnRR of kl and kp is used.
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