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1. Tables

[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Table S1  Mean morphogical values for sugarcane clone RB86-7515measured at Embrapa Cerrados (Planaltina, DF), used to inform the 3-d canopy structure constructed in this model (Batista, 2013).
	[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Clone RB86-7515 on 23 March 2012 (326 days after planting); Leaf Area Index = 5.5; tillers per meter=25; tillers per set = 5; leaves per stem = 6, height = 2.37m

	Leaf number from top of stem
	1
	2
	3
	4
	5
	6

	Leaf lamina length
	45cm
	89cm
	134cm
	178cm
	119cm
	59cm

	Leaf angle with stem
	6.75°
	13.5°
	27°
	27°
	27°
	27°

	Bending angle of leaf
	29°
	43°
	57°
	75°
	92°
	115°

	Height of leaf insertion point on the stem
	273cm
	258cm
	243cm
	228cm
	213cm
	198cm

	Clone RB86-7515 on 15 October 2011 (167 days after planting); Leaf Area Index = 4.2; tillers per meter=79, tillers per set = 5; leaves per stem = 4, height = 0.75m         

	Leaf number from top of stem
	1
	2
	3
	4

	Leaf lamina length
	81cm
	122cm
	162cm
	108cm

	Leaf angle with stem
	6.75°
	13.5°
	27°
	27°

	Bending angle of leaf
	29°
	43°
	57°
	75°

	Height of leaf insertion point on the stem
	75cm
	60cm
	45cm
	30cm



[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table S2  Morphogical values of sugarcane (Batista, 2013), used to construct the 3-D canopy structure of different growing stages.
	Days after planting
	80
	99
	127
	147
	167
	201
	259
	296
	326

	Date
	Jul.20
	Aug.8
	Sep.5
	Sep.25
	Oct.15
	Nov.18
	Jan.15
	Feb.21
	Mar.23

	Height(cm)
	25cm
	33cm
	44m
	57cm
	75cm
	144cm
	252cm
	273cm
	273cm

	Tillers(m-1)
	99
	114
	120
	115
	79
	42
	22
	25
	25

	Leaves(tiller-1)
	5
	5
	4
	4
	4
	5
	6
	6
	6

	LAI(m2/m2)
	2.6
	3.0
	3.3
	3.6
	4.1
	4.8
	5.3
	5.5
	5.5

	Population size (set, 5 tillers per set)
	8*21
	8*23
	8*23
	8*23
	8*17
	8*11
	8*9
	8*9
	8*9




Table S3 Monthly average temperature at EMBRAPA Cerrados (Planaltina, DF; Batista, 2013.) 
	Month
	Average maximum temperature (°C, 15°39’84”S, 47°44’41”E)
	Average minimum temperature (°C, 15°39’84”S, 47°44’41”E)

	Jan
	27.0
	17.4

	Feb
	27.9
	16.9

	Mar
	27.3
	17.8

	Apr
	27.9
	16.9

	May
	27.1
	15.0

	Jun
	26.7
	13.2

	Jul
	27.3
	12.7

	Aug
	30.1
	13.9

	Sep
	31.2
	15.2

	Oct
	27.6
	17.0

	Nov
	26.7
	16.8

	Dec
	27.3
	16.9




















Table S4 Simulated net canopy carbon uptake for a sugarcane plant crop over the whole growing season for Symmetric and Asymmetric spacing arranged in east-west (E-W) and in north-south (N-S) rows. 45/155 represents Asymmetric planting with alternating 155 cm and 45 cm spacing; 100/100 represents Symmetric planting with 100 cm spacing between all rows. Atmospheric transmittance was set as 0.85
	Carbohydrate mass gain (kg ha-1 day-1)
	E-W 45/155
	E-W 100/100
	N-S 45/15
	N-S 100/100

	Date after harvest
	Mean
	s.e.
	Mean
	s.e.
	Mean
	s.e.
	Mean
	[bookmark: _GoBack]s.e.

	80
	145.74 
	1.15 
	171.54 
	3.07 
	155.87 
	2.37 
	182.44 
	1.79 

	99
	165.66 
	0.94 
	204.93 
	4.13 
	185.82 
	0.96 
	220.15 
	3.17 

	127
	180.47 
	3.44 
	219.29 
	5.05 
	220.91 
	1.61 
	266.12 
	6.22 

	147
	198.69 
	2.25 
	239.73 
	2.01 
	251.85 
	3.03 
	301.45 
	3.35 

	167
	238.36 
	1.65 
	290.39 
	7.19 
	280.37 
	2.58 
	324.17 
	3.85 

	201
	255.55 
	6.22 
	312.13 
	2.87 
	297.46 
	4.95 
	323.02 
	1.14 

	259
	289.40 
	2.59 
	321.36 
	1.83 
	315.57 
	0.69 
	323.05 
	0.81 

	296
	292.10 
	3.14 
	314.91 
	1.10 
	304.06 
	0.70 
	310.90 
	0.94 

	326
	279.04 
	1.21 
	293.91 
	0.94 
	286.15 
	0.51 
	292.07 
	0.63 

	Total (Kg ha-1 y-1)
	69344.44 
	212.36  
	79900.53 
	459.05 
	77148.44 
	389.57 
	84462.05 
	351.25 




Table S5 The daily total net canopy CO2 uptake rate (Ac) on the 326th day and 167th day.  45/155 represents Asymmetric planting with alternating 155 cm and 45 cm spacing; 100/100 represents Symmetric planting with 100 cm spacing between all rows for high and low leaf area indices (LAI).
	Ac (kg ha-1 day-1)
	
	
	45/155
	100/100

	Date
	LAI
	Row direction 
	mean
	standard error
	mean
	standard error

	326th day
	4.6
	E-W
	454.26 
	6.42 
	494.09 
	2.73 

	326th day
	6.6
	E-W
	468.09 
	0.09 
	484.56 
	3.70 

	326th day
	4.6
	N-S
	467.63 
	1.24 
	490.63 
	0.61 

	326th day
	6.6
	N-S
	475.82 
	1.42 
	482.06 
	0.79 

	167th day
	3.4
	E-W
	348.06 
	6.54 
	445.94 
	4.67 

	167th day
	5.5
	E-W
	450.01 
	0.42 
	530.68 
	3.97 

	167th day
	3.4
	N-S
	427.99 
	4.78 
	500.99 
	2.81 

	167th day
	5.5
	N-S
	499.26 
	4.57 
	551.28 
	0.80 





Table S6 The effect of low and high leaf angle on daily total canopy CO2uptake rate (Ac) in north-south (NS) rows. 45/155 and 100/100 represent Asymmetric and Symmetric row spacing, respectively. 
	Ac (kg ha-1 day-1)
	
	
	45/155
	100/100

	Date
	LAI
	leaf angle
	mean
	standard error
	mean
	standard error

	326th day
	5.6
	15
	469.73 
	1.21 
	495.03 
	0.60 

	326th day
	5.6
	45
	479.11 
	1.59 
	484.16 
	0.32 

	167th day
	4.4
	15
	437.94 
	2.61 
	520.63 
	2.93 

	167th day
	4.4
	45
	498.77 
	7.35 
	545.21 
	3.29 




2. Equations of the light environment prediction
A ray tracing software is used to simulate the light distribution in sugarcane canopy (Song et al., 2013). The input of this software is canopy architecture. The direction of direct light is determined by the solar elevation angle, which is calculated based on the time and location of each simulation (Eqn. 1-6). 


                                            (1)

                                                       (2)

                                (3)

                           (4)

                                               (5)

                                          (6)

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The direction of the diffuse and scattered light is determined based on the rules used by Song et al.(2013).The location of this simulation is 15°40’ South, 47°44’ East.
A forward ray tracing algorithm simulates the path of a light ray from its source until it is finally absorbed completely by its illuminated objective. The basic unit of a leaf surface was assumed to be facet, which is a triangle defined by three vertexes. To avoid boundary effect, a cuboid in the middle (black box ) is used to simulate the light distribution. The population size used to construct the 3-D canopy structure of different growing stages is listed in Table S2.
[image: C:\Users\wangyu\Dropbox\2015\Sugarcane\Figures\FigV3\图片1.png]
The facets in the cube were checked to determine whether it is hit by the light ray. The value of photosynthetic photon flux density on each facet (If) is calculated by dividing the absorbed light energy (ei is the energy of each ray, N is the number of rays) intercepted by a facet with area s.
                                                          (7)
                                                              (8)
Ray distance is 0.1 cm (100 pixels/ cm2). The leaf transmittance is 0.075, and the reflectance is 0.075. 
Each facet ABCD (a rectangle) has four boundaries, i.e. AB, BC, CD and DA. The intersection point, P(x1, y1, z1), of the light ray with the planeABCD is first calculated, then, discriminated whether point P is inside ABCD. For this purpose, the rectangle ABCD is divided into two triangles ABC and ACD to check whether the point falls into ABC or ACD. If the sum of the areas of PAB, PBC and PCA equals to the area of ABC (Eqn 9), P is inside the triangle ABC.

                                            (9)

The light environment above the canopy is influenced by atmospheric transmittance. In this study, the atmospheric transmittance was set as 0.85. The photosynthetic photon flux density of incoming solar radiation was predicted using mechanistic physical models (Humphries and Long, 1995; Song et al., 2013)


3. Equations of canopy photosynthesis calculation

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]A steady state model of C4 photosynthesis (Collatz et al., 1992) was used to calculate the photosynthesis rate of every facet, with the input of light intensity calculated by ray tracing algorithm. The model was simplified by assuming that intercellular CO2 concentration is constant and the leaf temperature is equal to air temperature. 
[image: C:\Users\wangyu\Dropbox\2015\Sugarcane\1.wmf]                                                    (10)

                                  (11)

                                                 (12)
Where Temp is the leaf temperature.  

                                                          (13)

                                                         (14)

                                                         (15)

                                    (16)

                                   (17)

                                                     (18)
[image: C:\Users\wangyu\Dropbox\2015\Sugarcane\Mcode\A_PPFD_Temp3.tif]Figure S1 The response of net photosynthesis (An) to PPFD and to leaf temperature.
Then, the canopy photosynthesis rate is calculated as:


                                                      (19)                                               
Where Ai is the net photosynthesis rate of a small facet, and Si is the surface area of the small facet. Sground represent the occupied area of the simulated plants.


4. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Equations of daily variation of temperature

Based on the monthly temperature data (Table S3), daily temperate variation is calculated ae:

                                        (20)

                                                (21)

                                                        (22)
Where Tmean is the average monthly temperature, Tamp is th amplitude of temperature variation . The highest temperature appears at 12:00 noon.


5. Equations of carbohydrate mass gain over the whole growing season

Photosynthesis, calculated in µmol m-2 s-1 was converted to biomass equivalent, assuming that one mol of CO2 assimilated would result in 30 g of carbohydrate. Carbohydrate mass gain was predicted over the whole growing season (Gtotal), assuming that 40% of photosynthate is lost in whole-plant respiration (Gifford, 1995, Wittig et al., 2005).

                                                             (23)
Where Ti is the time interval between two simulated days, Gi is the carbohydrate mass gain in this time interval. 

We assumed the carbon gain of the canopy linearly changes in each time interval.                                                             (24)
Gsi-1 and Gsi are carbon gains of the canopy in simulated days. In the first 80 days, the carbon gain linearly increased from zero to the productivity of the 80th day(Gs0=0).

6. Model validation
The model performance was evaluated by comparing model predicted biomass to measured biomass for three individual sugarcane cultivars (Arantes, 2012, Suiguitani, 2006). Table S7 lists the structure parameters, which we obtained from the measurements for each specific cultivar. Other parameters, such as leaf angle and leaf curvature, are the same as we showed in Table 1 for each simulation. Three blocks of sugarcane canopy were generated for each simulated day. The model performance was evaluated by comparing the simulated dry mass to measured data (Fig. 1, Table S9, Arantes, 2012, Suiguitani, 2006). Suiguitani (2006) measured the above-ground dry mass, we convert them into total dry mass by using the root dry mass ratio of RB72454 (Laclau et al., 2009, Suiguitani, 2006). 

Table S7a Canopy structure parameters of sugarcane cultivar RB86-7515 (Arantes, 2012).
	Days after cutting
(DAC)
	LAI
	Plant height (m)
	Number of tillers
(per linear meter)

	60
	1.53
	0.344
	46.8

	120
	2.88
	1.49
	30.1

	180
	4.53
	1.9
	22

	240
	5.45
	2.11
	20


Planting date: Sep. 09.2009
Experimental site: Jaú, Estado de São Paulo,  latitude 22º15’ S longitude 48º34’ W
Row spacing: 0.4/1.4m
Table S7b Canopy structure parameters of sugarcane cultivar SP83-2487 (Suiguitani, 2006)
	Days after planting 
	LAI
	Plant height (m)
	Number of tillers 
(per linear meter)
	Leaf number 
per tiller

	40
	0
	0.10
	3
	7

	120
	2.28
	0.94
	10
	7

	210
	5.00
	2.03
	10
	7

	270
	5.10
	2.37
	10
	7

	330
	5.10
	2.81
	10
	7


Planting date: Oct. 29.2004
Experimental site: Piracucaba (SP), Latitute 22.7 S longitude 47º33’ W
Row spacing: 1.4m

Table S7c Canopy structure parameters of sugarcane cultivar RB72454 (Suiguitani, 2006)
	days after planting
	LAI
	Plant height (m)
	Number of tillers (per linear meter)
	leaf number
per tiller

	109
	2
	84
	11
	6

	129
	3.1
	103
	12
	7

	214
	4.64
	242
	10
	6

	271
	4.4
	266
	10
	6

	333
	4.15
	284
	10
	8


Planting date: Oct. 29.2004
Experimental site: Piracucaba (SP), Latitute 22.7 S longitude 47º33’ W
Row spacing: 1.4m

Table S8a Monthly temperature data of Jau, Estado de São Paulo 
(2000-2012).
(http://us.worldweatheronline.com/jau-weather-averages/sao-paulo/br.aspx)
	Month
	Average maximum temperature 
	Average minimum temperature 

	Jan
	22
	16

	Feb
	24
	17

	Mar
	25
	17

	Apr
	23
	16

	May
	21
	13

	Jun
	18
	12

	Jul
	19
	12

	Aug
	21
	13

	Sep
	19
	14

	Oct
	22
	15

	Nov
	21
	15

	Dec
	21
	16

















Table S8b Monthly temperature data of Piracicaba (2000-2012). 
 (http://us.worldweatheronline.com/piracicaba-weather-averages/sao-paulo/br.aspx)
	Month
	Average maximum temperature 
	Average minimum temperature

	Jan
	26
	17

	Feb
	27
	17

	Mar
	23
	16

	Apr
	25
	16

	May
	23
	13

	Jun
	22
	10

	Jul
	22
	9

	Aug
	25
	11

	Sep
	24
	13

	Oct
	25
	15

	Nov
	26
	17

	Dec
	26
	18

















Table S9a The measured and simulated dry mass of sugarcane RB86-7515. The data were from (Arantes, 2012). 
	Days after cutting
	Measured
Dry mass
	Simulated
Dry mass

	60
	4.90
	3.47

	120
	22.20
	13.15

	180
	26.10
	27.00

	240
	35.30
	39.44


Table S9b The measured and simulated dry mass of sugarcane SP83-2487.  The data were from Suiguitani (2006). 
	Days after planting
	Measured
Dry mass
	Simulated
Dry mass

	120
	12.83
	15.92

	210
	39.85
	42.57

	270
	53.10
	55.50

	330
	69.84
	71.84


Table S9c The measured and simulated dry mass of sugarcane RB72454. The data were from Suiguitani (200^). 
	Days after planting
	Measured
dry mass
	Simulated
dry mass

	109
	8.36
	11.16

	129
	14.18
	14.08

	214
	33.83
	26.91

	271
	37.31
	33.85

	333
	40.49
	43.54




Goodness of fit statistics
[bookmark: zmw57dd0e15895][bookmark: zmw57dd0e15898][bookmark: zmw57dd0e15901]The root mean square error (RMSE), which assesses the fitness between measured and simulated values (Loague and Green 1991; Smith 1996), was calculated as:.
	

 where Pi represents the simulated value and Oi represents the observed values. 
R-Square (R2) provides another method for assessing the accuracy of simulations using equation below. 

 



7. Definition and value of symbols
	Symbols
	Value/Units
	Description

	A
	μmol m-2 s-1
	Photosynthetic CO2 uptake rate

	Ac
	μmol m-2 s-1
	Canopy CO2 uptake per metre square ground area per second

	An
	μmol m-2 s-1
	Net photosynthetic CO2 uptake rate

	
	
	

	ei
	mmol s–1
	Photosynthetic photon flux that a solar ray represents

	er, et
	mmol s–1
	Photosynthetic photon flux that a reflected or transmitted solar ray represents

	gs
	3 mmol m-2 s-1
	Bundle sheath conductance to CO2

	go
	0.047 gs
	Bundle sheath conductance to O2

	I
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]μmol m-2 s-1
	PPFD of absorbed light

	Is
	2600μmol m-2 s-1
	Solar constant 

	Idr
	μmol m-2 s-1
	PPFD of direct light

	Idf
	μmol m-2 s-1
	PPFD of diffuse light

	If
	μmol m-2 s-1
	PPFD on the surface of facet

	k
	0.7
	Initial slope of photosynthetic CO2 response

	pi
	15Pa
	Intercellular CO2 partial pressure

	P
	105Pa
	Atmospheric pressure

	Q10
	2
	Temperature coefficient

	Rd
	0.01Vmaxμmol m-2 s-1
	Leaf mitochondrial respiration

	SABC
	m2
	Area of triangular ABC. The same with SPAB, SPBC, SPCA

	Sground
	m2
	Ground area that a canopy occupies

	t
	Hour
	Time of a day

	tn
	Hour
	Time of solar noon

	Vmax
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]60 μmol m-2 s-1 
	Maximum rubisco activity

	α
	0.05
	Initial slope of photosynthetic light response\

	β
	0.93
	Empirical curvature factor

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]θ
	0.83
	Empirical curvature factor

	θs
	Degree
	Solar elevation angle

	φs
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Degree
	Solar azimuth angle

	δ
	Degree
	Sun declination angle

	η
	m–2
	Solar ray density, number of light rays per square metre

	Ф
	Degree
	Degree
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