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Figure S1. The landscape of three degenerated grasslands on the Ordos Desert steppe.
(a. 10-year enclosure control; b. Moderate grazing; c. Severe grazing
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Figure S2. Five-point sampling of soil seed bank and vegetation survey

(a. Soil seed bank sampling, b. Vegetation survey)
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Figure S3. Identification of soil seed species using germination method
 SHAPE  \* MERGEFORMAT 



Figure S4. Seedling sample bank for identifying soil seed bank species. Genus names can be found in Table S1.
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Figure S5. Species density differences of above-ground vegetation over different enclosures' durations
（01. Allium anisopodium, 02. Asparagus gobicus, 03. Allium mongolicum, 04. Plantago minuta, 05. Lagochilus ilicifolius, 06. Euphorbia humifusa, 07. Astragalus scaberrimus, 08. Astragalus efoliolatus, 09. Oxytropis aciphylla, 10 Gueldenstaedtia verna, 11. Lespedeza potaninii, 12. Caragana stenophylla, 13. Cleistogenes squarrosa, 14. Tragus mongolorum, 15. Setaria viridis, 16. Enneapogon borealis, 17. Leymus secalinus, 18. Eragrostis minor, 19. Stipa breviflora, 20. Tribulus terrestris, 21. Peganum harmala, 22. Aster altaicus, 23. Lipschitzia divaricate, 24. Echinops sphaerocephalus, 25. Klasea centauroides, 26. Dracocephalum moldavica, 27. lxeris chinensis, 28. Artemisia scoparia, 29. Teloxys aristata, 30. Krascheninnikovia arborescens, 31. Chenopodium acuminatum, 32. Corispermum declinatum, 33. Kali collinum, 34. Ferula bungeana, 35. Carex duriuscula, 36. Allium tenuissimum, 37. Convolvulus ammannii,38. Iris tenuifolia, 39. Polygala tenuifolia, 40. Stenosolenium saxatile）
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Figure S6. Species density differences of soil seed banks in control plot of the 10-year enclosure experiment at different time periods in 2021, 2022, and 2023.
（01. Allium anisopodium, 02. Asparagus gobicus, 03. Allium mongolicum, 04. Plantago minuta, 05. Lagochilus ilicifolius, 06. Euphorbia humifusa, 07. Cleistogenes squarrosa, 08. Gueldenstaedtia verna, 09. Lespedeza potaninii, 10. Caragana stenophylla, 11. Astragalus scaberrimus, 12. Astragalus efoliolatus, 13. Tragus mongolorum, 14. Setaria viridis, 15. Enneapogon borealis, 16. Leymus secalinus, 17. Eragrostis minor, 18. Stipa breviflora, 19. Tribulus terrestris, 20. Peganum harmala, 21. Artemisia scoparia, 22. Chenopodium acuminatum, 23. Corispermum declinatum, 24. Kali collinum, 25. Ferula bungeana, 26. Carex duriuscula, 27. Allium tenuissimum）
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Figure S7. Species density differences of soil seed banks in the moderate grazing plot at different time periods in 2021, 2022, and 2023.

（01. Allium anisopodium, 02. Asparagus gobicus, 03. Allium mongolicum, 04. Plantago minuta, 05. Lagochilus ilicifolius, 06. Euphorbia humifusa, 07. Cleistogenes squarrosa, 08. Gueldenstaedtia verna, 09. Lespedeza potaninii, 10. Caragana stenophylla, 11. Astragalus scaberrimus, 12. Astragalus efoliolatus, 13. Tragus mongolorum, 14. Setaria viridis, 15. Enneapogon borealis, 16. Leymus secalinus, 17. Eragrostis minor, 18. Stipa breviflora, 19. Tribulus terrestris, 20. Peganum harmala, 21. Artemisia scoparia, 22. Chenopodium acuminatum, 23. Corispermum declinatum, 24. Kali collinum, 25. Ferula bungeana, 26. Carex duriuscula, 27. Allium tenuissimum）
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Figure S8. Species density differences of soil seed banks in the intense grazing plot at different time periods in 2021, 2022, and 2023.

（01. Allium anisopodium, 02. Asparagus gobicus, 03. Allium mongolicum, 04. Plantago minuta, 05. Lagochilus ilicifolius, 06. Euphorbia humifusa, 07. Cleistogenes squarrosa, 08. Gueldenstaedtia verna, 09. Lespedeza potaninii, 10. Caragana stenophylla, 11. Astragalus scaberrimus, 12. Astragalus efoliolatus, 13. Tragus mongolorum, 14. Setaria viridis, 15. Enneapogon borealis, 16. Leymus secalinus, 17. Eragrostis minor, 18. Stipa breviflora, 19. Tribulus terrestris, 20. Peganum harmala, 21. Artemisia scoparia, 22. Chenopodium acuminatum, 23. Corispermum declinatum, 24. Kali collinum, 25. Ferula bungeana, 26. Carex duriuscula, 27. Allium tenuissimum）
Table S1. List of Vegetation Species in the Desert Steppe under Three Grazing Levels in 2021, 2022, and 2023
	Family
	Species
	2023
	2022
	2021

	
	
	10-year enclosed
	Moderate grazing
	Intense
grazing
	10-year enclosed
	Moderate grazing
	Intense
grazing
	10-year enclosed
	Moderate grazing
	Intense
grazing

	Poaceae
	Leymus secalinus
	√
	
	
	√
	
	
	√
	
	

	Poaceae
	Stipa breviflora
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Eragrostis minor
	√
	√
	√
	√
	√
	√
	
	
	

	Poaceae
	Setaria viridis
	√
	√
	√
	√
	√
	√
	
	
	

	Poaceae
	Tragus mongolorum
	√
	√
	
	√
	√
	√
	√
	√
	

	Poaceae
	Enneapogon borealis
	√
	√
	√
	√
	√
	√
	
	
	

	Poaceae
	Cleistogenes squarrosa
	√
	√
	√
	√
	√
	√
	
	
	

	Liliaceae
	Asparagus gobicus
	√
	
	
	√
	
	
	
	
	

	Liliaceae
	Allium anisopodium
	√
	
	
	√
	
	
	
	
	

	Liliaceae
	Allium mongolicum
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Compositae
	Echinops sphaerocephalus
	√
	
	
	√
	
	
	√
	
	

	Compositae
	Lipschitzia divaricata
	
	
	
	√
	
	
	
	
	

	Compositae
	Klasea centauroides
	√
	
	
	√
	
	
	
	
	

	Compositae
	lxeris chinensis
	√
	
	
	√
	
	
	
	
	

	Compositae
	Artemisia scoparia
	√
	√
	
	√
	√
	
	√
	√
	√

	Compositae
	Aster altaicus
	
	√
	√
	
	√
	√
	
	
	

	Leguminosae
	Oxytropis aciphylla
	√
	
	
	√
	
	
	
	
	

	Leguminosae
	Lespedeza potaninii
	√
	√
	
	√
	√
	
	√
	
	

	Leguminosae
	Caragana stenophylla
	√
	√
	
	√
	√
	
	√
	
	

	Leguminosae
	Gueldenstaedtia verna
	√
	√
	√
	√
	√
	√
	
	
	


Table S1 continued 
	Leguminosae
	Astragalus scaberrimus
	√
	√
	√
	√
	√
	√
	
	√
	

	Leguminosae
	Astragalus efoliolatus
	
	√
	
	
	√
	√
	
	
	

	Lamiaceae
	Lagochilus ilicifolius
	√
	
	
	√
	
	
	
	
	

	Lamiaceae
	Dracocephalum moldavica
	
	
	
	
	
	
	√
	
	

	Zygophyllaceae
	Tribulus terrestris
	√
	√
	√
	√
	√
	√
	
	
	

	Zygophyllaceae
	Peganum harmala
	
	√
	
	
	√
	
	
	√
	

	Chenopodiaceae
	Corispermum declinatum
	√
	
	
	√
	
	
	√
	
	

	Chenopodiaceae
	Kali collinum
	√
	√
	√
	√
	√
	√
	
	
	

	Chenopodiaceae
	Krascheninnikovia arborescens
	
	√
	√
	
	√
	√
	
	√
	√

	Chenopodiaceae
	Teloxys aristata
	
	
	
	√
	
	
	
	
	

	Chenopodiaceae
	Chenopodium acuminatum
	√
	
	√
	√
	
	√
	
	
	

	Plantaginaceae
	Plantago minuta
	
	√
	√
	
	√
	√
	
	
	√

	Convolvulaceae
	Convolvulus ammannii
	√
	
	√
	√
	
	√
	
	
	

	Cyperaceae
	Carex duriuscula
	√
	√
	√
	√
	√
	√
	
	
	

	Iridaceae
	Iris tenuifolia
	√
	
	
	√
	
	
	
	
	

	Euphorbiaceae
	Euphorbia humifusa
	√
	√
	√
	√
	√
	√
	
	
	

	Amaryllidaceae
	Allium tenuissimum
	√
	
	√
	√
	√
	√
	
	
	

	Umbelliferae
	Ferula bungeana
	√
	
	
	√
	
	
	
	
	

	Boraginaceae
	Stenosolenium saxatile
	√
	
	
	√
	
	
	
	
	

	Polygalaceae
	Polygala tenuifolia
	√
	　
	　
	√
	　
	　
	　
	　
	　


Table S2. List of Soil Seed Bank Species in the Desert Steppe under Three Grazing Levels in 2021, 2022, and 2023
	Family
	Species
	2023
	2022
	2021

	
	
	10-year enclosed
	Moderate grazing
	Intense
grazing
	10-year enclosed
	Moderate grazing
	Intense
grazing
	10-year enclosed
	Moderate grazing
	Intense
grazing

	Poaceae
	Leymus secalinus  
	√
	√
	√
	√
	√
	√
	√
	
	√

	Poaceae
	Stipa breviflora
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Eragrostis minor 
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Setaria viridis
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Tragus mongolorum
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Enneapogon borealis
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Poaceae
	Cleistogenes squarrosa
	√
	√
	√
	√
	√
	√
	√
	
	√

	liliaceae
	Asparagus gobicus
	√
	
	
	√
	
	
	√
	
	

	liliaceae
	Allium anisopodium
	√
	
	
	√
	
	
	√
	
	

	liliaceae
	Allium mongolicum
	√
	√
	√
	√
	√
	√
	√
	
	√

	Compositae
	Artemisia scoparia
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Leguminosae
	Lespedeza potaninii
	√
	√
	
	√
	√
	
	√
	√
	

	Leguminosae
	Caragana stenophylla
	√
	
	
	√
	√
	
	√
	√
	

	Leguminosae
	Gueldenstaedtia verna
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Leguminosae
	Astragalus scaberrimus
	√
	√
	√
	√
	√
	
	√
	√
	

	Leguminosae
	Astragalus efoliolatus
	
	√
	
	
	√
	
	
	√
	

	Labiatae
	Lagochilus ilicifolius
	√
	
	
	√
	
	
	√
	
	

	Zygophyllaceae
	Tribulus terrestris
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Zygophyllaceae
	Peganum harmala
	√
	√
	√
	√
	√
	√
	√
	√
	√


Table S2 continued
	Chenopodiaceae
	Corispermum declinatum
	√
	
	
	√
	
	
	√
	
	

	Chenopodiaceae
	Kali collinum
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Chenopodiaceae
	Krascheninnikovia arborescens
	
	√
	
	
	√
	
	
	√
	

	Chenopodiaceae
	Teloxys aristata 
	√
	
	
	√
	
	
	√
	
	

	Chenopodiaceae
	Chenopodium acuminatum
	√
	√
	
	√
	√
	
	√
	√
	

	Plantaginaceae
	Plantago minuta
	√
	√
	√
	
	√
	√
	
	√
	√

	Convolvulaceae
	Convolvulus ammannii
	
	√
	√
	
	√
	√
	
	√
	

	Cyperaceae
	Carex duriuscula 
	√
	
	√
	√
	√
	√
	√
	√
	√

	Iridaceae
	Iris tenuifolia
	√
	
	
	√
	
	
	√
	
	

	Euphorbiaceae
	Euphorbia humifusa
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Amaryllidaceae
	Allium tenuissimum
	√
	√
	√
	√
	√
	√
	√
	√
	√

	Umbelliferae
	Ferula bungeana
	√
	√
	√
	√
	√
	√
	√
	√
	√


A. mongolicum   P. harmala      E. minor        A. scoparia       E. humifusa       C. acuminatum





L. potaninii      G. verna           S. viridis            T.  terrestris      A. blitum         T. mongolorum 
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[image: image22.png]Soil seed bank density of 10-year enclosure (seeds/mz)
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[image: image23.png]Soil seed bank density of 10-year enclosure (seeds/m2)
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[image: image27.png]Soil seed bank density of moderate grazing (seeds/mz)
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[image: image28.png]Soil seed bank density of intense grazing (seeds/mz)
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