Supplementary material:

Table S1 Variation values (%) of forage quality properties explained by single and combined effects of climate, soil, and plant community composition. ∩ represents combined effect. - represents no effect was detected.
	Parameters
	Climate (C)
	Soil (S)
	Plant community composition (P)
	C ∩ S
	S ∩ P
	C ∩ P
	C ∩ S ∩ P

	Crude protein
	14.70
	5.16
	5.63
	9.35
	-
	12.64
	-

	Digestible carbohydrates:
	
	
	
	
	
	
	

	Water soluble carbohydrates
	19.06
	5.00
	6.27
	6.73
	-
	-
	1.91

	Non-structural carbohydrates
	21.41
	6.95
	7.71
	3.89
	-
	-
	1.08

	Non-fiber carbohydrates
	18.66
	3.7
	3.50
	
	6.59
	11.88
	-

	Indigestible carbohydrates:
	
	
	
	
	
	
	

	Acid detergent fiber
	27.12
	4.07
	1.44
	6.15
	-
	0.21
	0.79

	Neutral detergent fiber
	13.81
	-
	8.00
	1.70
	11.97
	19.03
	-

	Relative feed value
	16.86
	0.21
	7.96
	1.91
	6.85
	16.02
	-


Table S2 The importance value (% of increased mean square error) of each factor to forage quality properties and the total explained variation (%) of each quality variable. - represents non-significant effect (P > 0.05). 
	Factors
	Crude protein
	Digestible carbohydrates
	Indigestible carbohydrates
	Relative feed value

	
	
	Water soluble carbohydrates
	Non-structural carbohydrates
	Non-fiber carbohydrates
	Acid detergent fiber
	Neutral detergent fiber
	

	Climate:
	
	
	
	
	
	
	

	Mean annual temperature
	14.27
	11.40
	12.34
	-
	8.25
	5.33
	9.91

	Temperature seasonality
	8.73
	12.27
	13.14
	-
	10.07
	8.75
	8.15

	Temperature annual range
	7.81
	8.64
	9.96
	-
	11.72
	6.22
	7.01

	Mean temperature of warmest quarter
	18.19
	9.14
	10.47
	-
	9.58
	7.66
	9.52

	Mean temperature of coldest quarter
	11.81
	11.42
	11.61
	6.14
	9.60
	7.34
	8.73

	Mean annual precipitation
	7.30
	10.67
	11.39
	11.69
	9.55
	12.38
	10.93

	Precipitation of wettest quarter
	7.74
	13.89
	11.69
	9.94
	11.34
	12.3
	12.57

	Precipitation of driest quarter
	4.56
	11.11
	11.15
	6.79
	8.32
	8.10
	7.62

	Aridity index
	9.65
	12.64
	12.67
	6.84
	11.99
	7.96
	

	Solar radiation
	8.90
	9.01
	11.01
	-
	7.12
	9.20
	9.02

	Soil:
	
	
	
	
	
	
	

	pH
	3.56
	6.39
	8.73
	-
	-
	7.54
	7.35

	Soil organic carbon
	7.54
	9.79
	10.24
	-
	9.71
	-
	-

	Soil nitrate nitrogen
	6.65
	8.81
	9.51
	4.49
	-
	-
	-

	Soil ammonium nitrogen
	-
	-
	-
	-
	-
	-
	-

	Soil available phosphorus
	7.20
	6.42
	8.14
	-
	-
	-
	-

	Soil total nitrogen
	11.76
	12.43
	12.43
	-
	-
	-
	-

	Soil total phosphorus
	-
	6.76
	-
	-
	-
	-
	-

	Plant community composition:
	
	
	
	
	
	
	

	Grass%
	6.67
	11.73
	10.29
	8.37
	5.66
	5.82
	3.91

	Sedge%
	6.58
	5.49
	6.93
	10.04
	-
	15.10
	10.63

	Forb%
	12.14
	10.15
	10.40
	20.00
	-
	22.28
	19.86

	Legume%
	-
	-
	3.52
	3.89
	-
	-
	-

	Total explained variation (%)
	53.66
	59.45
	60.02
	33.99
	36.56
	50.44
	50.81


Table S3 The load coefficients of all indices represented by each block in the structural equation model.
	Index
	Loading

	Geography:
	

	Longitude
	0.84

	Latitude (-)
	0.55

	Altitude (-)
	0.76

	Climate:
	

	Mean annual temperature
	0.91

	Temperature seasonality (-)
	0.94

	Temperature annual range (-)
	0.80

	Mean temperature of warmest quarter
	0.75

	Mean temperature of coldest quarter
	0.97

	Mean annual precipitation
	0.82

	Precipitation of wettest quarter
	0.82

	Soil:
	

	Soil organic carbon
	0.97

	Soil total nitrogen
	0.97

	Plant community composition:
	

	Grass%
	0.34

	Sedge% (-)
	0.98

	Forb%
	0.77

	Legume%
	0.36

	Forage quality:
	

	Crude protein 
	0.51

	Digestible carbohydrates:
	

	Water soluble carbohydrates
	0.63

	Non-structural carbohydrates
	0.64

	Non-fiber carbohydrates
	0.74

	Indigestible carbohydrates:
	

	Acid detergent fiber (-)
	0.65

	Neutral detergent fiber (-)
	0.79

	Relative feed value
	0.85


Table S4 Direct, indirect and total effects among climate, soil, plant community composition and forage quality. - represents no effect was detected.
	Relationships
	Direct
	Indirect
	Total

	Climate to Soil
	-0.24
	-
	-0.50

	Climate to Plant community composition
	0.01
	0.12
	0.13

	Climate to Forage quality
	-0.57
	0.03
	-0.54

	Soil to Plant community composition
	-0.50
	-
	-0.50

	Soil to Forage quality
	0.06
	-0.16
	-0.10

	Plant community composition to Forage quality
	0.31
	-
	0.31


Table S5 The mean of forage quality properties of grasslands in different regions. - represents no measurement.
	Parameters
	Switzerland
	Inner Mongolia
	Other regions of the Qinghai-Tibet Plateau
	Sanjiangyuan
	This region

	Crude protein (%)
	12.54
	12.21
	12.87
	10.00
	12.32

	Ether extract (%)
	-
	3.22
	2.90
	1.46
	2.28

	Digestible carbohydrates:
	-
	-
	-
	-
	-

	Water soluble carbohydrates (%)
	10.07
	-
	-
	-
	6.29

	Indigestible carbohydrates:
	-
	-
	-
	-
	-

	Acid detergent fiber (%)
	29.36
	-
	-
	31.68
	25.66

	Neutral detergent fiber (%)
	49.52
	-
	-
	56.06
	43.91

	Reference
	Perotti et al., 2022
	Shi et al., 2013
	Shi et al., 2013
	Chen et al., 2020
	This study


Figure legends:

Fig. S1 Forage quality properties and production of grass-dominated grasslands (n = 9), sedge-dominated grasslands (n = 13), forb-dominated grasslands (n = 23). Different letters indicate significant differences (Duncan test, P < 0.05).
Fig. S2 Geographic variations of forage quality properties and production of natural grasslands on the eastern Qinghai-Tibet Plateau. Values are means ± SE (n = 3). Significance levels are indicated by *, P < 0.05; **, P < 0.01 and ***, P < 0.001.
Fig. S3 The correlations among geographic variables and abiotic and biotic factors. Significance levels are indicated by *, P < 0.05; **, P < 0.01 and ***, P < 0.001. Abbreviations: MAT (mean annual temperature), TS (temperature seasonality), TAR (temperature annual range), MTWQ (mean temperature of warmest quarter), MTCQ (mean temperature of coldest quarter), MAP (mean annual precipitation), PWQ (precipitation of wettest quarter), PDQ (precipitation of driest quarter), AI (aridity index), SR (solar radiation), SOC (soil organic carbon), NO3--N (nitrate nitrogen), NH4+-N (ammonium nitrogen), AP (available phosphorus), TN (total nitrogen), TP (total phosphorus), grass% (the proportion of grass biomass), sedge% (the proportion of sedge biomass), forb% (the proportion of forb biomass), legume% (the proportion of legume biomass).
[image: image1.jpg]=

)

Ether extract (%)

N > =
= A &S

—
(@)

Acid detergent fiber (%)

-
N

o
Water soluble
carbohydrates (%)

=

)

=N
o
—

9
o
—

Production (g m’

A B .
S b
K
_C D |
- b
IO

- . . sedge_gq .. 10Tb-dop,;

8r a8s-dg mate((iig ;do ing ng;g Ollniﬂa e 1 i:s- Iomi atedeggg Ilﬂate aslsl;at
aSSIand SS and S Andg SS andg and



Fig. S1
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Fig. S2
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Fig. S3
