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[bookmark: _GoBack]Fig. S1 Monthly rainfall and average air temperature from March to August for 2003, 2004, and 2005 at the research location, provided by the meteorological working station in Juquan, Gansu province, People’s Republic of China.
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Fig. S2 Comparison of fertile tillers/m2, spikelet/fertile tillers, florets/spikelet, seed numbers/spikelet, seed weight (mg), and seed yield (kg/km2) grown in the field under different nitrogen (N), phosphorus (P), and water conditions in 2003. The 18 treatments of N fertilizer (X3) ranged from 0-480 kg ha-1 [low N (LN): 0-100 kg ha-1 yr-1; middle N (MN): 107-153 kg ha-1 yr-1; and high N (HN): 176-480 kg ha-1 yr-1]. The 16 treatments of P fertilizer ranged from 0-240 kg ha-1 [low P (LP) 0-63 kg ha-1 yr-1; middle P (MP): 77-105 kg ha-1 yr-1; and high P (HP): 124-240 kg ha-1 yr-1]. The 11 levels of irrigation (X2) ranged from 0-148.1 mm [low water (LW): 0, 52.78, 78 and 90.2 mm; middle water (MW): 91, 104.1, 104.7 and 119.2 mm; and high water (HW): 130, 133.6 and 148.1 mm]. Bars indicate S.D. of means and the same letter above the bars are not significantly different at P < 0.05.
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Fig. S3 Comparison of fertile tillers/m2, spikelet/fertile tillers, florets/spikelet, seed numbers/spikelet, seed weight (mg), and seed yield (kg/km2) grown in the field under different nitrogen (N), phosphorus (P), and water conditions in 2004. The 18 treatments of N fertilizer (X3) ranged from 0-480 kg ha-1 [low N (LN): 0-100 kg ha-1 yr-1; middle N (MN): 107-153 kg ha-1 yr-1; and high N (HN): 176-480 kg ha-1 yr-1). The 16 treatments of P fertilizer ranged from 0-240 kg ha-1 [low P (LP): 0-63 kg ha-1 yr-1; middle P (MP): 77-105 kg ha-1 yr-1; and high P (HP): 124-240 kg ha-1 yr-1]. The 11 levels of irrigation (X2) ranged from 0-148.1 mm [low water (LW): 0, 52.78, 78, and 90.2 mm; middle water (MW): 91, 104.1, 104.7, and 119.2 mm; and high water (HW): 130, 133.6, and 148.1 mm]. Bars indicate S.D. of means and the same letter above the bars are not significantly different at P < 0.05.
[image: ]
Fig. S4 Comparison of fertile tillers/m2, spikelet/fertile tillers, florets/spikelet, seed numbers/spikelet, seed weight (mg), and seed yield (kg/km2) grown in the field under different nitrogen (N), phosphorus (P), and water conditions in 2005. The 18 treatments of N fertilizer (X3) ranged from 0-480 kg/ha [the low N (LN): 0-100kg ha-1 yr-1; middle N (MN): 107-153 kg ha-1 yr-1; and high N (HN): 176-480 kg ha-1 yr-1]. The 16 treatments of P fertilizer ranged from 0-240 kg ha-1[low P (LP): 0-63 kg ha-1 yr-1; middle P (MP): 77-105 kg ha-1 yr-1; and high P (HP): 124-240 kg ha-1 yr-1]. The 11 levels of irrigation (X2) ranged from 0-148.1 mm [low water (LW): 0, 52.78, 78, and 90.2 mm; middle water (MW): 91, 104.1, 104.7, and 119.2 mm; and high water (HW): 130, 133.6, and 148.1 mm]. Bars indicate S.D. of means and the same letter above the bars are not significantly different at P < 0.05.
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Fig. S5 Root N/P ratio, shoot N/P ratio, Seed N/P ratio, seed yield, AT (root/shoot) and AT (shoot/seed) of six gramineous pastures grown in D18 and D6 (2-D-optimum design) experimental plots in 2005. The 18 treatments of N fertilizer ranged from 0-480 kg ha-1 [low N (LN): 0-100 kg ha-1 yr-1; middle N (MN): 107-153 kg ha-1 yr-1; and high N (HN): 176-480 kg ha-1 yr-1]. The 16 treatments of P fertilizer ranged from 0-240 kg ha-1 [low P (LP): 0-63 kg ha-1 yr-1; middle P (MP): 77-105 kg ha-1 yr-1; and high P (HP): 124-240 kg ha-1 yr-1]. Bars indicate S.D. of means and the same letter above the bars are not significantly different at P < 0.05.







Table S1 Monthly precipitation (mm) and average temperature (°C) of the China Agricultural University Grassland Research Station located in the Hexi Corridor, Jiuquan, Gansu Province from 2003 to 2005.
	
	Precipitation (mm)
	Average temperature (℃)

	Month
	2003
	2004
	2005
	2003
	2004
	2005

	Jan
	1.5
	1.9
	2.1
	-5.5
	-8.9
	-11.2

	Feb
	2.1
	0.5
	0
	-3.6
	-2.6
	-3.7

	Mar
	0.4
	4.1
	28.1
	4.8
	4.9
	2.9

	Apr
	5
	0.8
	1.2
	8.8
	11.6
	8.7

	May
	7.5
	6.8
	8.3
	17
	16.8
	16.3

	Jun
	18.5
	18.5
	3.9
	21
	20.1
	20.9

	Jul
	6.8
	10.4
	3.2
	21.4
	22.4
	23.6

	Aug
	20
	13.6
	9.8
	20.3
	20.6
	21.8

	Sep
	4.4
	5.6
	
	15.9
	18.9
	

	Oct
	1.2
	1.9
	
	10.2
	6.9
	

	Nov
	2.4
	2.6
	
	4.3
	2.8
	

	Dec
	1.5
	0
	
	-2.1
	0.1
	






Table S2 The basic nutrient of experimental soil of six grasses species
	Depth
	pH
	O.C.
	T.S.
	NH4+
	NO3-
	A.N.
	A.P.
	A.K.
	T.N.
	T.P.
	T.K.

	cm
	　
	g/kg
	g/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	g/kg
	g/kg
	g/kg

	Pascopyrum smithii Rydb
	
	
	
	
	
	
	

	0-20
	8.39 
	10.32 
	4.88 
	32.32 
	20.09 
	118.30 
	36.56 
	130.30 
	0.764
	0.814
	12.52

	20-40
	8.30 
	10.33 
	7.69 
	31.09 
	12.33 
	90.88 
	18.24 
	127.00 
	0.744
	0.733
	11.82

	40-60
	8.41 
	7.23 
	7.50 
	37.49 
	10.26 
	80.99 
	16.42 
	148.40 
	0.441
	0.700 
	13.51

	Bromus inermis L
	
	
	
	
	
	
	
	
	

	0-20
	10.3
	8.58
	9.56
	38.12
	12.6
	100.6
	20.30
	183.1
	1.212
	0.780
	12.56

	20-40
	6.83
	8.59
	7.85
	34.94
	8.16
	63.07
	11.33
	217.2
	0.581
	0.732
	13.52

	40-60
	5.72
	8.55
	8.16
	41.77
	5.09
	56.24
	11.01
	245.8
	0.550
	0.723
	13.39

	Dactylis glomerata L
	
	
	
	
	
	
	
	
	

	0-20
	8.19
	10.93
	4.52
	38.58
	6.92
	91.37
	30.17
	123.7
	0.765
	0.792
	12.92

	20-40
	8.19
	8.53
	5.81
	43.04
	4.37
	76.80
	10.23
	123.7
	0.589
	0.665
	13.48

	40-60
	8.16
	7.52
	4.52
	41.27
	5.73
	69.52
	8.21
	130.3
	0.553
	0.652
	11.79

	Lolium arundinaceum (Schreb.) Darbysh
	
	
	
	
	
	

	0-20
	8.70
	7.20
	1.52
	24.17
	7.80
	56.42
	7.51
	113.8
	0.486
	0.667
	13.28

	20-40
	8.39
	4.40
	4.73
	21.57
	5.87
	51.33
	4.59
	107.2
	0.447
	0.652
	12.57

	40-60
	8.26
	2.97
	5.38
	21.52
	4.69
	62.66
	8.36
	61.0
	0.298
	0.478
	9.80

	Phleum pratense L
	
	
	
	
	
	
	
	
	

	0-20
	8.12
	11.2
	4.88
	1.64
	65.47
	23.66
	26.81
	107.2
	0.699
	0.748
	11.07

	20-40
	8.10
	9.04
	5.50
	5.09
	82.08
	26.66
	51.37
	112.1
	0.533
	0.843
	8.86

	40-60
	8.14
	5.02
	5.81
	3.73
	82.36
	26.12
	18.62
	120.4
	0.338
	0.642
	11.04

	Psathyrostachys juncea Nevski
	
	
	
	
	
	
	

	0-20
	8.56
	9.07
	6.13
	53.42
	14.6
	98.65
	38.73
	255.7
	1.042
	0.846
	11.80

	20-40
	8.58
	8.06
	6.91
	37.39
	12.9
	60.24
	17.47
	301.9
	0.565
	0.806
	13.51

	40-60
	8.65
	6.13
	5.66
	25.66
	12.8
	49.50
	11.78
	428.9
	0.443
	0.780
	13.45


Depth: Soil Depth; O.C.: Organic matter; T.S.: Total soli; NH4+: Ammonium nitrogen; NO3-: Nitrate nitrogen; A.N.: Alkali hydrolysable nitrogen; A.P.: Available phosphorus; A.K.: Available potassium; T.N.: Total nitrogen; T.P.: Total phosphorus; T.K.: Total potassium.


Table S3 Field experimental design and factors of each species of grass
	Field experimental design groups
	Matrixes applied
	Experimental factors
	Repeat
	plots

	A. 2-D-optimum design (1)a
	2-D-optimum matrix
	2 (X3，X4)
	3
	18

	B. 2-D-optimum design (2)a
	2-D-optimum matrix 
	2 (X3，X4)
	1
	6

	C. Unique-factor orthogonal design
	Compounding matrix
	5 (X1~X5)
	1
	36

	D. Bin-factor orthogonal contract plots
	Compounding matrix
	2 (X2,X3+X4)
	1
	22

	E. Tri-factor orthogonal rotary design
F. Unique-factor orthogonal design
	Compounding matrix
L8 (41×24)
	3 (X1,X3,X6)
5 (X1,X7~X10)
	1
4
	23
32

	CK
	
	--
	--
	6-11

	total
	
	10 (X1~X6)
	--
	143-148





Table S4 Compound Matrix of L8（4×24）Orthogonal Design
	Treatments 
No. of block
	Array 1
A
	Array 2
B
	Array 3
C
	Array 4
D
	Array 5
E

	1
	1
	1
	1
	1
	1

	2
	1
	2
	2
	2
	2

	3
	2
	1
	1
	2
	2

	4
	2
	2
	2
	1
	1

	5
	3
	1
	2
	1
	2

	6
	3
	2
	1
	2
	1

	7
	4
	1
	2
	2
	1

	8
	4
	2
	1
	1
	2


Note: Four repetitions, 32 blocks total. 


Table S5 2-D optimum design (A) (Nitrogen and Phosphorus)
	Treatment
No. of Blocks
	Factor X3 (Nitrogen, N)
	Factor X4 (Phosphorus, P2O5)

	
	Level Code Applied N (kg/ha)
	Level Code Applied P2O5 (kg/ha)

	1, (7,13)
	-1
	0
	-1
	0

	2, (8,14)
	1
	153
	-1
	0

	3, (9,15)
	-1
	0
	1
	90

	4, (10,16)
	-0.1315
	66
	-0.1315
	39

	5, (11,17)
	1
	153
	0.3945
	63

	6, (12,18)
	0.3945
	106.5
	1
	90


Three repetitions, 18 blocks total, each with a 28 m2 area.


Table S6 2-D-optimum design (B) (Nitrogen and Phosphorus)
	Treatment
No. of Blocks 
	Factor X3 (Nitrogen, N)
	Factor X4 (Phosphorus, P2O5)

	
	Level Code  Applied N(kg/ha)
	Level Code Applied P2O5(kg/ha)

	1
	-1
	0
	-1
	0

	2
	1
	480
	-1
	0

	3
	-1
	0
	1
	240

	4
	-0.1315
	208.9
	-0.1315
	104

	5
	1
	480
	0.3945
	167

	6
	0.3945
	334.5
	1
	240


Six blocks total, each with a 28 m2 area.


Table S7 Unique-factor (C) orthogonal design
	Experimental Factor
	Delta (∆)
	(r = 2) Level-code-of-orthogonal design (r = 2)
–2          –1            0             1            2

	Time of fertilization*(X1)
	1
	1
	2
	3
	4
	5

	Irrigation-of-each-time (X2)
	14.4 (mm)
	90.4
	104.8
	119.2
	133.6
	148

	Applied N (X3)
	30 (kg/ha)
	90
	120
	150
	180
	210

	Applied-P2O5 (X4)
	22 (kg/ha)
	61
	83
	105
	127
	149

	Density manipulation (X5)
	shoots/ha
	1/2 BD 
	2/3 BD 
	BD 
	BD 
	BD 


*, the level codes for time of fertilization: 1, previous autumn; 2, tillering time; 3, time of stem elongation; 4, time of anthesis; 5, time of grain filling. Total of 36 blocks, each with a 28 m2 area.
BD, Basic Density.


Table S8 Compounding matrix of unique-factor orthogonal design
	Treatments 
	X0
	X1
	X2
	X3
	X4
	X5

	1
	1
	-1
	-1
	-1
	-1
	1

	2
	1
	1
	-1
	-1
	-1
	-1

	3
	1
	-1
	1
	-1
	-1
	1

	4
	1
	1
	1
	-1
	-1
	-1

	5
	1
	-1
	-1
	1
	1
	1

	6
	1
	1
	-1
	1
	1
	-1

	7
	1
	-1
	1
	1
	1
	1

	8
	1
	1
	1
	1
	1
	-1

	9
	1
	-1
	-1
	1
	-1
	1

	10
	1
	1
	-1
	1
	-1
	-1

	11
	1
	-1
	1
	1
	-1
	1

	12
	1
	1
	1
	1
	-1
	-1

	13
	1
	-1
	-1
	-1
	1
	1

	14
	1
	1
	-1
	-1
	1
	-1

	15
	1
	-1
	1
	-1
	1
	1

	16
	1
	1
	1
	-1
	1
	-1

	17
	1
	0
	0
	0
	0
	0

	18
	1
	0
	0
	0
	0
	0

	19
	1
	0
	0
	0
	0
	0

	20
	1
	0
	0
	0
	0
	0

	21
	1
	0
	0
	0
	0
	0

	22
	1
	0
	0
	0
	0
	0

	23
	1
	0
	0
	0
	0
	0

	24
	1
	0
	0
	0
	0
	0

	25
	1
	0
	0
	0
	0
	0

	26
	1
	0
	0
	0
	0
	0

	27
	1
	2
	0
	0
	0
	0

	28
	1
	-2
	0
	0
	0
	0

	29
	1
	 0
	2
	0
	0
	0

	30
	1
	0
	-2
	0
	0
	0

	31
	1
	0
	0
	2
	0
	0

	32
	1
	0
	0
	-2
	0
	0

	33
	1
	0
	0
	0
	2
	0

	34
	1
	0
	0
	0
	-2
	0

	35
	1
	0
	0
	0
	0
	2

	36
	1
	0
	0
	0
	0
	-2



Table S9 Bin-factor (D) orthogonal contract blocks
	Experimental Factor
	(∆)
	Level-code-of-orthogonal design (r = 2)
–3           –1          0             1             3

	Irrigation-of each-time (X1)
	15.5 (mm)
	81.7
	112.7
	128.2
	143.7
	174.7

	 (x2)
Applied N+P2O5*
	37.5
(kg/ha)
	75
44.12+30.88
	150
88.24+61.76
	187.5
110.29+77.21
	225
132.35+92.65
	300
176.47+123.53


*Total of 22 blocks，each with a 28 m2 area. Applied fertilizer mixed according to N：P2O5 = 1：0.7


Table S10 Compound matrix of Bin-factor orthogonal contract design
	Treatment
	Irrigation (X1)
	Applied N+ P2O5 (X2)

	1
	3
	3

	2
	3
	1

	3
	3
	-1

	4
	3
	-3

	5
	1
	3

	6
	1
	1

	7
	1
	-1

	8
	1
	-3

	9
	-1
	3

	10
	-1
	1

	11
	-1
	-1

	12
	-1
	-3

	13
	-3
	3

	14
	-3
	1

	15
	-3
	-1

	16
	-3
	-3

	17
	0
	0

	18
	0
	0

	19
	0
	0

	20
	0
	0

	21
	0
	0

	22
	0
	0





Table S11 Tri-factor (E) orthogonal rotary design
	Experimental Factor
	Delta (∆)
	(r = 2) Level-code-of-orthogonal-design (r = 2)
–1.682      –1          0         1       1.682

	Density manipulation (X1)
	shoots/ha
	1/2 BD 
	2/3 BD 
	BD 
	BD 
	BD 

	Applied N (X2)
	30 (kg/ha)
	99.5
	120
	150
	180
	200.5

	Plant regulator (PP333)
Paclobutrazol (PP333)*(X3)
	a.i.0.08
kg/ha
	0.085
	0.14
	0.22
	0.30
	0.355


*Total of 23 blocks, each with a 28 m2 area. Paclobutrazol (PP333) was sprayed during stem elongation, twice with a week break. 
BD, Basic Density.


Table S12 Unique-factor (F) orthogonal design [L8（41×24）]
	Factor

Level
	A 
Irrigation time
	B 
Planting Density 
	C 1
Time of
 fertilization
	D 2
Time of 
Cut
	E
Burning
Stubble

	1
	September + later Winter
	1/2
	Autumn
	July
	Burning

	2
	Post-harvest
	1
	Spring of the following year
	September
	Not burning

	3
	September
	
	
	
	

	4
	Later Winter
	
	
	
	


Note：1, Applied nitrogen 150 kg/ha，P2O5 105 kg/ha；2, Cutting with 25 mm stubble。



Table S13 Compound matrix of Tri-factor orthogonal rotary design
	Treatments 
Block No.
	X0
	X1
	X2
	X3
	X1X2
	X1X3
	X2X3
	X’1
	X’2
	X’3

	1
	1
	-1
	-1
	-1
	1
	1
	1
	0.406
	0.406
	0.406

	2
	1
	-1
	-1
	1
	1
	-1
	-1
	0.406
	0.406
	0.406

	3
	1
	-1
	1
	-1
	-1
	1
	-1
	0.406
	0.406
	0.406

	4
	1
	-1
	1
	1
	-1
	-1
	1
	0.406
	0.406
	0.406

	5
	1
	1
	-1
	-1
	-1
	-1
	1
	0.406
	0.406
	0.406

	6
	1
	1
	-1
	1
	-1
	1
	-1
	0.406
	0.406
	0.406

	7
	1
	1
	1
	-1
	1
	-1
	-1
	0.406
	0.406
	0.406

	8
	1
	1
	1
	1
	1
	1
	1
	0.406
	0.406
	0.406

	9
	1
	-1.682
	0
	0
	0
	0
	0
	2.234
	-0.594
	-0.594

	10
	1
	1.682
	0
	0
	0
	0
	0
	2.234
	-0.594
	-0.594

	11
	1
	0
	-1.682
	0
	0
	0
	0
	-0.594
	2.234
	-0.594

	12
	1
	0
	1.682
	0
	0
	0
	0
	-0.594
	2.234
	-0.594

	13
	1
	0
	0
	-1.682
	0
	0
	0
	-0.594
	-0.594
	2.234

	14
	1
	0
	0
	1.682
	0
	0
	0
	-0.594
	-0.594
	2.234

	15
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	16
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	17
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	18
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	19
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	20
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	21
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	22
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594

	23
	1
	0
	0
	0
	0
	0
	0
	-0.594
	-0.594
	-0.594






Table S14 Coding value of X1to X5 and its corresponding usage combining the six experimental designs.
	Factor
	Time-of-fertilized (X1)
	Irrigation (X2)
	Nitrogen (X3)
	Phosphorus (X4)
	Density-manipulation (X5)

	Treat
Level
	Level Code
	Time
	Level code
	irrigation volume
	Level code
	Applied N (kg／ha)
	Level code
	Applied P (kg／ha)
	Level code 
	Treatment

	1
	0
	Autumn
	-8.4
	0
	-5
	0
	-4.77
	0
	0
	Basic number

	2
	1
	Tillering stage
	-4.67
	52.78
	-3.52
	44
	-3.37
	31
	-1
	1/3

	3
	2
	Booting stage
	-2.86
	78
	-2.8
	66
	-3
	39
	-2
	1/2

	4
	3
	Flowering stage
	-2
	90.2
	-2.06
	88
	-2
	61
	-2.5
	blank

	5
	4
	Filling stage
	-1.94
	91
	-2
	90
	-1.97
	62
	
	

	6
	
	
	-1.05
	104.1
	-1.628
	100
	-1.91
	63
	
	

	7
	
	
	-1
	104.7
	-1.45
	107
	-1.26
	77
	
	

	8
	
	
	0
	119.2
	-1.32
	110
	-1
	83
	
	

	9
	
	
	0.75
	130
	-1
	120
	-0.68
	90
	
	

	10
	
	
	1
	133.6
	-0.59
	132
	-0.56
	93
	
	

	11
	
	
	2
	148.1
	0
	150
	0
	105
	
	

	12
	
	
	
	
	0.1
	153
	0.84
	124
	
	

	13
	
	
	
	
	0.88
	176
	1
	127
	
	

	14
	
	
	
	
	1
	180
	2
	149
	
	

	15
	
	
	
	
	1.628
	201
	2.84
	167
	
	

	16
	
	
	
	
	2
	210
	6.14
	240
	
	

	17
	
	
	
	
	6.15
	335
	
	
	
	

	18
	
	
	
	
	11
	480
	
	
	
	


*1/2 means remove the 1/2 line at tillering stage; 1/3 means remove the 1/3 line at tillering stage.


Table S15 The sample size of seed yield and yield components for each field experimental block of each species of grass
	
year
	Sample size of plots (N)
	Sample size of each field experimental plot (N)

	
	
	Fertile tillers/m2
Y1
	Spikelets/fertile tillers
Y2
	Florets/spikelet
Y3
	Seed numbers/spikelet
Y4
	Seed weighta
Y5 (mg)
	Seed yield 
Z (kg/ha)

	Pascopyrum smithii Rydb
	
	
	
	

	2003
	105
	10
	30
	30
	30
	10
	4

	Total sample size (n) 
	1050
	3150
	3150
	3150
	1050
	420

	2004
	105
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1050
	3150
	3150
	3150
	1050
	420

	2005
	105
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1050
	3150
	3150
	3150
	1050
	420

	Three years totally (n)
	3150
	9450
	9450
	9450
	3150
	1260

	Bromus inermis L
	
	
	
	
	

	2003     105
	10
	30
	27
	27
	10
	4

	Total sample size (n)
	1050
	3150
	2835
	2835
	1050
	420

	2004     143
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1430
	4290
	4290
	4290
	1430
	652

	2005     143
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1430
	4290
	4290
	4290
	1430
	652

	Three years totally(n)
	3910
	12730
	11415
	11415
	3910
	1724

	Lolium arundinaceum (Schreb.) Darbysh
	
	
	
	

	2003     105
	10
	51
	27
	24
	10
	4

	Total sample size (n)
	1050
	5355
	2835
	2520
	1050
	420

	2004     111
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1110
	3330
	3330
	3330
	1110
	444

	2005     111
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1110
	3330
	3330
	3330
	1110
	444

	Three years totally (n)
	3270
	12015
	9495
	9180
	3270
	1308

	Psathyrostachys juncea Nevski
	
	
	
	

	2003     105
	10
	36
	27
	54
	10
	4

	Total sample size (n)
	1050
	3780
	2835
	5670
	1050
	420

	2004     134
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1340
	4020
	4020
	4020
	1340
	536

	2005     60
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	600
	1800
	1800
	1800
	600
	240

	Three years totally (n)
	2990
	9600
	8655
	11490
	2990
	1376

	Phleum pratense L
	
	
	
	
	
	

	2003     99
	10
	27
	0
	36
	10
	4

	Total sample size (n)
	990
	2673
	0
	3564
	990
	396

	2004     99
	10
	30
	0
	30
	10
	4

	Total sample size (n)
	990
	2970
	0
	2970
	990
	396

	2005     99
	10
	30
	0
	30
	10
	4

	Total sample size (n)
	990
	2970
	0
	2970
	990
	396

	Three years totally (n)
	2970
	8613
	0
	9504
	2970
	1180

	Dactylis glomerata L
	
	
	
	
	
	

	2003    105
	10
	30
	27
	27
	10
	4

	Total sample size (n)
	1050
	4150
	2835
	2835
	1050
	420

	2004    105
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1050
	4150
	4150
	4150
	1050
	420

	2005    105
	10
	30
	30
	30
	10
	4

	Total sample size (n)
	1050
	4150
	4150
	4150
	1050
	420

	Three years totally (n)
	4150
	12450
	11135
	11135
	4150
	1260








Table S16 Coefficients of quadratic two-variable regression models for the seed yield and yields components.
	
	
	N2
	P2
	P×N
	N
	P
	Constant

	Folium arundinaceum 
	
	
	
	

	2003
	Fertile tillers
	0.579
	0.967
	0.683
	1.491
	-2.518
	385.77

	
	Spikelets
	-0.004
	0.099
	-0.037
	0.283
	-0.205
	59.84

	
	Florets/spikelets
	-0.009
	-0.024
	-0.008
	0.162
	-0.047
	7.58

	
	Seeds/spikelet
	-0.005
	0.004
	0.000
	0.067
	-0.034
	4.16

	
	Seed weight
	0.000
	-0.001
	-0.003
	-0.007
	0.001
	3.06

	
	Seed yield
	-4.678
	8.334
	3.571
	49.977
	-7.455
	1983.20

	2004
	Fertile tillers
	1.637
	0.903
	0.136
	-7.468
	4.433
	257.23

	
	Spikelets
	-0.012
	0.089
	0.048
	0.252
	-0.086
	44.01

	
	Florets/spikelets
	0.006
	0.004
	0.000
	-0.033
	-0.001
	5.94

	
	Seeds/spikelet
	0.006
	0.001
	0.002
	-0.035
	0.002
	4.67

	
	Seed weight
	0.003
	-0.001
	0.003
	-0.012
	0.014
	3.10

	
	Seed yield
	4.482
	1.727
	1.893
	-36.87
	-9.579
	883.86

	2005
	Fertile tillers
	-0.228
	0.328
	0.222
	0.601
	0.896
	83.86

	
	Spikelets
	0.033
	0.121
	0.010
	0.043
	0.579
	54.65

	
	Florets/spikelets
	-0.001
	-0.002
	-0.001
	0.015
	-0.022
	5.74

	
	Seeds/spikelet
	-0.003
	-0.003
	-0.001
	0.014
	-0.021
	4.44

	
	Seed weight
	0.004
	-0.001
	0.001
	-0.009
	0.023
	3.17

	
	Seed yield
	-0.507
	4.872
	-0.649
	3.765
	19.305
	657.13

	Pascopyrum smithii 
	
	
	
	
	

	2003
	Fertile tillers
	-1.939
	1.795
	-1.540
	11.409
	0.767
	294.29

	
	Spikelets
	-0.028
	0.020
	0.001
	0.282
	-0.017
	19.17

	
	Florets/spikelets
	-0.002
	-0.007
	-0.012
	0.101
	-0.101
	12.67

	
	Seeds/spikelet
	0.007
	0.000
	-0.004
	-0.053
	0.006
	4.59

	
	Seed weight
	0.003
	-0.008
	-0.001
	-0.013
	-0.016
	4.89

	
	Seed yield
	-3.582
	1.888
	-1.230
	30.84
	-16.32
	850.46

	2004
	Fertile tillers
	-1.976
	1.786
	-1.566
	11.164
	.751
	290.86

	
	Spikelets
	-0.029
	0.020
	-0.001
	0.292
	-0.011
	19.23

	
	Florets/spikelets
	0.008
	-0.015
	0.011
	-0.043
	-0.020
	7.37

	
	Seeds/spikelet
	0.008
	0.000
	-0.004
	-0.049
	0.004
	4.55

	
	Seed weight
	0.006
	-0.007
	0.006
	-0.046
	-0.032
	4.48

	
	Seed yield
	1.082
	-0.720
	0.909
	18.997
	-15.99
	548.05

	2005
	Fertile tillers
	-3.232
	2.992
	-2.566
	19.015
	1.278
	490.48

	
	Spikelets
	0.002
	0.029
	-0.016
	0.037
	-0.033
	15.07

	
	Florets/spikelets
	-0.028
	0.020
	0.001
	0.282
	-0.017
	19.17

	
	Seeds/spikelet
	0.007
	0.000
	-0.004
	-0.053
	0.006
	4.59

	
	Seed weight
	0.004
	-0.003
	0.002
	-0.031
	-0.010
	4.48

	
	Seed yield
	1.075
	-0.480
	0.936
	19.288
	-15.78
	543.62

	Bromus inermis 
	
	
	
	
	

	2003
	Fertile tillers
	-1.044
	-3.929
	-0.681
	11.346
	-1.122
	553.29

	
	Spikelets
	0.014
	0.049
	0.018
	-0.165
	0.168
	65.77

	
	Florets/spikelets
	-0.015
	0.015
	0.004
	0.240
	-0.207
	8.34

	
	Seeds/spikelet
	-0.008
	0.001
	-5.5E-05
	0.085
	-0.032
	4.35

	
	Seed weight
	0.000
	0.001
	0.002
	0.015
	-0.009
	3.81

	
	Seed yield
	-6.758
	2.424
	-2.543
	54.309
	2.296
	2017.71

	2004
	Fertile tillers
	-0.562
	-0.219
	-0.813
	4.491
	-0.042
	178.22

	
	Spikelets
	-0.084
	-0.127
	0.063
	0.269
	-0.112
	57.79

	
	Florets/spikelets
	-0.015
	-0.005
	0.003
	0.142
	-0.047
	8.45

	
	Seeds/spikelet
	-0.003
	-0.006
	0.015
	-0.016
	0.019
	7.94

	
	Seed weight
	0.000
	0.001
	0.000
	0.002
	8.8E-05
	0.37

	
	Seed yield
	-8.746
	-1.658
	-1.586
	90.059
	-45.45
	1354.42

	2005
	Fertile tillers
	1.494
	-1.366
	0.980
	-8.052
	6.847
	252.99

	
	Spikelets
	-0.188
	-0.104
	-0.001
	0.786
	0.341
	59.81

	
	Florets/spikelets
	0.017
	0.008
	-0.007
	-0.098
	-0.019
	7.94

	
	Seeds/spikelet
	0.003
	-0.013
	0.010
	0.080
	-0.067
	5.58

	
	Seed weight
	0.000
	0.001
	0.000
	0.010
	0.008
	3.91

	
	Seed yield
	-1.093
	-8.104
	5.145
	29.431
	-20.74
	1063.27

	Psathyrostachys juncea 
	
	
	
	
	

	2003
	Fertile tillers
	0.122
	2.255
	-0.386
	2.503
	4.008
	193.79

	
	Spikelets
	0.008
	-0.016
	-0.009
	-0.032
	-0.084
	90.17

	
	Florets/spikelets
	-0.011
	0.010
	0.002
	0.135
	0.076
	4.76

	
	Seeds/spikelet
	-0.004
	0.002
	0.003
	0.059
	0.034
	2.23

	
	Seed weight
	-0.004
	0.004
	-0.004
	0.023
	0.004
	3.48

	
	Seed yield
	-2.529
	14.063
	-2.301
	18.123
	20.964
	904.31

	2004
	Fertile tillers
	2.861
	-0.160
	2.315
	-24.10
	7.601
	497.07

	
	Spikelets
	0.014
	0.015
	0.121
	-0.600
	-0.027
	88.32

	
	Florets/spikelets
	0.003
	-0.002
	-0.001
	-0.012
	-0.004
	2.35

	
	Seeds/spikelet
	0.004
	-0.002
	-0.002
	-0.015
	-0.007
	2.03

	
	Seed weight
	0.003
	-0.003
	-0.002
	-0.007
	-0.004
	3.08

	
	Seed yield
	3.518
	2.718
	2.068
	-53.13
	1.590
	1345.63

	2005
	Fertile tillers
	-0.387
	-0.238
	0.431
	-0.564
	-4.664
	178.56

	
	Spikelets
	0.012
	0.053
	0.062
	0.011
	-0.310
	81.61

	
	Florets/spikelets
	0.003
	0.004
	-2.6E-05
	-0.010
	0.009
	2.25

	
	Seeds/spikelet
	0.001
	0.001
	0.000
	-0.012
	-0.003
	1.57

	
	Seed weight
	0.006
	0.008
	0.000
	-0.019
	-0.005
	3.28

	
	Seed yield
	2.697
	2.062
	1.960
	-7.589
	3.548
	501.67

	Dactylis glomerata 
	
	
	
	
	

	2003
	Fertile tillers
	-0.109
	1.574
	-0.031
	3.121
	-0.512
	141.02

	
	Spikelets
	0.095
	0.518
	-0.147
	0.485
	0.024
	205.28

	
	Florets/spikelets
	0.003
	-0.012
	-0.006
	0.030
	-0.027
	5.95

	
	Seeds/spikelet
	-0.003
	-0.008
	-0.004
	0.076
	-0.015
	2.73

	
	Seed weight
	-0.001
	0.001
	-0.001
	0.007
	0.003
	1.39

	
	Seed yield
	-0.524
	0.374
	-1.592
	28.810
	-3.553
	465.21

	2004
	Fertile tillers
	-0.061
	0.137
	-0.044
	0.994
	-1.098
	22.09

	
	Spikelets
	0.119
	-0.329
	-0.060
	-0.649
	-2.226
	237.41

	
	Florets/spikelets
	-0.011
	0.002
	-0.003
	0.115
	0.002
	4.82

	
	Seeds/spikelet
	-0.006
	0.003
	-0.002
	0.084
	-0.020
	3.02

	
	Seed weight
	-0.001
	0.001
	0.000
	0.010
	-0.004
	1.22

	
	Seed yield
	-0.197
	0.883
	0.478
	11.901
	-3.739
	100.70

	2005
	Fertile tillers
	-0.109
	0.223
	-0.081
	1.694
	-1.788
	36.93

	
	Spikelets
	0.093
	-0.509
	-0.132
	1.131
	-1.072
	239.46

	
	Florets/spikelets
	0.001
	0.000
	-0.007
	-0.018
	0.013
	4.79

	
	Seeds/spikelet
	-0.004
	0.009
	-0.003
	-0.001
	-0.016
	3.01

	
	Seed weight
	-0.001
	0.001
	0.000
	0.008
	-0.001
	1.28

	
	Seed yield
	-0.403
	0.830
	-0.326
	18.577
	-3.200
	222.22

	Phleum pratense L.
	
	
	
	
	

	2003
	Fertile tillers
	-1.958
	-3.500
	2.738
	1.007
	-22.387
	627.16

	
	Spikelets
	-8.641
	2.681
	-6.167
	-35.49
	-12.039
	1205.4

	
	Seeds/spikelet
	0.003
	-0.002
	0.006
	-0.013
	0.014
	0.72

	
	Seed weight
	-0.001
	0.000
	6.5E-06
	-0.005
	0.002
	0.37

	
	Seed yield
	-19.15
	-2.727
	8.723
	-60.91
	-5.056
	781.68

	2004
	Fertile tillers
	-5.148
	1.179
	-0.323
	-7.396
	4.676
	330.88

	
	Spikelets
	-15.71
	10.142
	-6.251
	-50.83
	31.723
	2098.98

	
	Seeds/spikelet
	0.002
	0.001
	0.004
	-0.004
	0.009
	0.53

	
	Seed weight
	0.000
	0.000
	0.000
	-0.003
	0.004
	0.36

	
	Seed yield
	-17.71
	3.124
	4.508
	-57.65
	-1.600
	513.17

	2005
	Fertile tillers
	-2.160
	-0.591
	1.328
	0.514
	-6.869
	477.53

	
	Spikelets
	-6.320
	2.327
	-4.323
	-18.81
	1.441
	1629.13

	
	Seeds/spikelet
	0.001
	-0.001
	0.003
	-0.008
	0.006
	0.63

	
	Seed weight
	-2.0E-05
	0.000
	0.000
	-0.003
	0.000
	0.36

	
	Seed yield
	-17.01
	-1.434
	5.714
	-57.94
	-12.58
	616.63
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FA.PS., PP, B.l, PJ.and D.G.standfor F.arundinacea, P.smithiiR., P. pratenseL., B. inermisL., P.junceaN. and D. glomerato L., respectively.





