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Expressing photosynthetic rate and stomatal conductance on a half-stem surface area basis
and on a total stem surface area basis

Gas exchange measurements, such as photosynthetic rate (4max) and stomatal conductance (gs) of
green stems were also calculated: (1) on a half-stem surface area basis, given the fact that the
light source inside the Li-Cor chamber does not behave like the sun does (single point source of
radiation); and (2) on a total surface area basis. (1) In the field, only the projected area of a stem
is being lit by the sun rays at any time point. However, inside the Li-Cor chamber, light from
LEDs shine radially from the source points, illuminating half of the surface area of the stem
completely. When we re-calculated Amax and gs on a half-stem surface area basis and compared
these between green stems and leaves of non-green-stemmed species we found that both organs

have the same Amax and gs values, with p-values from Multifactorial ANOVAS of 0.93 and 0.99,



respectively. (2) It is also possible that in the field and inside the Li-Cor chamber, the lower half
of the stem is being lit (by diffused light and light reflected from the walls of the chamber,
respectively), so that this half is also contributing to the CO> assimilation and H2O loss. When
we re-calculated Amax and gs on a total stem surface area basis and compared these between green
stems and leaves of non-green-stemmed species we found that Amax and gs are lower in green
stems than in leaves of non-green-stemmed species, with P-value from Multifactorial ANOVAS
of <0.001 for both traits. Nilsen (1992) recognised that “an appropriate comparison between leaf
and stem photosynthesis can only be made in a cuvette designed to surround each organ with
light. Then photosynthetic comparisons between leaf and stem can be made on a surface area
basis.” However, the way stem photosynthesis is expressed does not modify our conclusion that
green stems have a positive effect on the carbon economy of plants bearing them, and that green

stems are not structurally constrained by their shape (cylinder versus flat surfaces in leaves).
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Table S1. Average diameter (mm) of the stems used for gas exchange measurements in each sampling campaign

Values are species means of three individuals (n = 3) + s.e. NA, plants had died back and were not measured

Feb 2016 Apr2016 Jun2016 Jul2016 Aug2016 Oct2016 Nov2016 Jan2017 Mar 2017

Ambrosid 1.66 + 2.80 + 239+ 1.62 + 1.44 + 275+ 211+ 222+ 1.42 +
dumosa 0.94 0.29 0.24 0.18 0.22 0.18 0.21 0.42 0.24
Ambrosia salsola 1.56 £ 1.32 + 1.51+ 1.32 + 1.52 + 1.37 £ 1.46 + 1.90 + 1.04 +
0.29 0.05 0.23 0.09 0.19 0.14 0.17 0.09 0.01
Bebbia juncea  1.83 + 1.66 + 1.22 + 1.32 + 1.45 + 1.22 + 1.13 + 1.37 + 1.06 +
0.29 0.25 0.14 0.31 0.20 0.10 0.18 0.13 0.07

Condea emoryi 1.41 + 213+ 1.32 + 1.93 + 292+ 1.60 + 2.46 + 1.49 + 1.56 +

0.03 021 0.08 0.37 0.61 0.12 0.11 0.18 0.36
Eriogonum 2.81 + 222+ 1.82 + 1.63 + 0.92 + 1.84 + NA NA 255+
inflatum 0.09 0.37 0.09 0.17 0.46 0.05 0.24

Krameria bicolor 2.25 + 1.95 + 1.72 £ 1.46 + 1.67 £ 1.75 + 1.63 + 1.75 + 1.18 +

0.43 0.45 0.24 0.17 0.34 0.38 0.07 0.08 0.04
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mexicana

Senna armata

Senegalia greggii

Simmondsia

chinensis

Stillingia

linearifolia

2.39 £

0.15

291+0.1

3.06

0.28

2.06 £

0.36

2.15+

0.08

241+

0.33

4.62 +

0.76

1.36 +

0.09

2.34 +

0.23

2.61 £

0.30

3.12+

0.34

1.77 £

0.22

2.01 £

0.25

2.58 £

0.35

342+

0.64

1.15+

0.02

249 +

0.29

245+

0.17

335+

0.42

1.43 +

0.15

1.77 £

0.09

2.60 £

0.41

245+

0.31

1.28 +

0.06

2.10 +

0.34

3.00 £

0.14

222+

0.32

1.75 +

0.22

2.02 £

0.14

2.62 +

0.15

337+

0.32

1.52 +

0.01

195+

0.38

3.60 £+

1.00

3.16 £

0.47

1.34 +

0.07

1.98 +

0.09

2.39 £

0.34

2.89 +

0.43

1.37 £

0.25

220+

0.17

2.92 +

0.62

233 £

0.19

1.44 +

0.22

244 +

0.32

2.85 £

0.13

211+

0.21

1.90 +

0.53

2.26

0.33

2.60 £

0.45

2.46 +

0.07

1.86 £

0.15

212+

0.24

291 £

0.24

2.78 £

0.38

NA

2.36 £

0.17

272+

0.01

2.60 £

0.13

1.70 £

0.22

2.19+

0.08

3.06

0.24

2.80 £

0.13

NA

1.72 £

0.28

4.44 +

0.99

2.16 +

0.12

1.10 +

0.04

211+

0.24

232 +

0.19

1.99 +

0.28

1.49 +

0.15



Thamnosma 2.30 + 276 £ 213+ 273+ 2.14 + 1.78 £ 1.92 + 3.07+ 225+

montana 0.22 0.19 0.39 0.11 0.07 0.22 0.04 0.53 0.31




Table S2. Stem CO: exchange measurements on a projected stem surface area basis

Values are species means of three individuals (n = 3) + s.e. NA, plants had died back and were not measured

Feb 2016 Apr2016 Jun2016 Jul2016 Aug2016 Oct2016 Nov2016 Jan2017 Mar 2017
Ambrosid 1590+  -6.93+ 219+ 246+ 127+ 184+ 1.78 + 1.29 + 397+
dumosa 11.33 1.33 0.45 1.14 4.04 4.40 0.27 2.64 7.56
Ambrosia salsola  26.56 £ 9.67 6.04 + 10.30 + 17.83 3438 + 16.62 + 12.14 + 10.73

10.18 8.06 2.68 1.08 8.61 12.11 6.39 2.55 5.99
Bebbia juncea 1924+ 1895+ 1528+ 1414+ 1465+ 2733+ 3208+ 2560+  43.89+
3.11 9.38 4.75 4.57 0.59 7.80 5.37 5.05 6.94
Condea emoryi -8.87 0.72 + 331+ -6.13 + -345+ -0.78 £ -1.68 £ -6.78 £ -4.23 +
6.10 2.83 0.65 2.13 1.74 5.37 0.87 3.39 2.86
Eriogonum 2019+ 1222+  2.92+ 2356+  6.53+ 4117+  NA NA 551+
inflatum 6.99 9.30 0.73 1.23 9.09 4.87 8.59
Krameria bicolor -3.17+ 0.16 = 12.80 + 7.81 + 17.40 + 8.23 + 5.82 + -4.50 £ 5.67+
3.39 5.22 13.41 4.57 9.42 3.20 0.92 0.90 1.97



Larrea tridendata

Menodora

spinescens

Psorothamnus

arborescens

Scutellaria

mexicana

Senna armata

Senegalia greggii

Simmondsia

chinensis

Stillingia

linearifolia

-20.55 +

15.32

11.05 +

1.10

-6.72 £

5.53

13.18 +

2.09

-1.47 £

6.65

0.30+

2.82

-1.91 +

1.66

12.27 +

7.03

-8.98 +

6.83

6.29 +

3.38

-7.29 £

1.91

0.68 +

7.13

12.47 +

3.91

-8.41 +

1.64

-4.34 +

2.02

26.86 +

10.56

0.26 +

1.80

2.99 +

0.74

-3.20 +

237

2048 +

7.18

2125+

12.83

-0.57 £

1.00

531+

3.23

998 +

1.54

-2.83 £

3.45

1.31+

0.31

2.66 £

3.04

8.73 £

3.37

7.56 +

4.67

7.11 =+

1.92

0.05 +

2.05

9.89 +

1.54

-0.01 £

1.68

355+

2.03

-2.26 £

1.28

232+

1.79

15.56 +

3.51

-1.64 +

2.58

-1.80 +

2.36

16.63 +

5.40

4.59 +

0.44

10.00 £

3.71

-0.80 +

1.69

16.41 +

6.31

14.78 +

1.76

-1.99 +

1.64

2.56 £

0.07

1395+

4.29

-1.17 £

1.57

8.57+

2.23

-4.38 +

1.08

7.71 +

2.13

9.99 +

4.15

312+

3.04

0.52 +

0.74

NA

-2.80 £

1.23

8.92 +

0.46

-4.37 £

1.42

229+

277

2.90 £

4.80

1.22 +

0.49

-0.65 +

3.41

NA

-1.47 £

6.44

15.51 +

247

0.61 £+

3.76

0.99 +

4.57

10.81 +

6.24

-6.07 £

0.82

7.69 £

3.62

15.79 +

2.59



Thamnosma 10.90 + 12.24 + 3.03 £ 3.36 + 14.88 + 13.36 + 7.53 2.66 £ 13.73 +

montana 4.23 4.59 1.39 3.28 4.49 5.64 4.09 431 3.94




Table S3. Stem CO: exchange measurements on a half-stem surface area basis

Values are species means of three individuals (n = 3) + s.e. NA, plants had died back and were not measured

Feb 2016 Apr2016 Jun2016 Jul2016 Aug2016 Oct2016 Nov2016 Jan2017 Mar 2017
Ambrosid 1012+ 441+ 139+ 157+ 081+ 117+ 1.13 + 0.82 + 253+
dumosa 7.21 0.85 0.29 0.72 2.57 2.80 0.28 1.68 4.81
Ambrosia salsola 1691 £ 6.15 £ 3.84 + 6.56 £ 11.35+ 21.88 £ 10.58 + 7.73 £ 6.83
6.15 5.13 1.70 0.69 5.48 7.71 4.07 1.62 3.81
Bebbia juncea 1225+ 1206+  9.73+ 9.00 + 9.33 + 17.40+ 2042+ 1630+ 2794+
1.98 5.97 3.02 2.91 0.37 4.96 3.42 3.22 4.42
Condea emoryi -5.65+ 0.46 + 211+ -3.90 + -2.20+ -0.49 + -1.07 £ -4.32 + -2.69 +
3.88 1.80 0.41 1.36 1.11 3.42 0.55 2.16 1.82
Eriogonum 1286+  7.78+ 1.86 + 1500+ 416+ 2621+  NA NA 3.51+
inflatum 4.45 5.92 0.47 0.79 5.79 3.10 5.47
Krameria bicolor -2.02 + 0.10+ 8.15+ 497 + 11.08 + 5.24 + 3.70 £ -2.87+ 3.61+
2.16 3.32 8.54 2.91 6.00 2.04 0.59 0.57 1.25



Larrea tridendata

Menodora

spinescens

Psorothamnus

arborescens

Scutellaria

mexicana

Senna armata

Senegalia greggii

Simmondsia

chinensis

Stillingia

linearifolia

-13.08 +

9.76

7.03 £

0.70

-4.28 £

3.52

8.39 +

1.33

-0.90 +

4.23

0.19 £+

1.80

-1.21 +

1.05

7.81 +

4.48

572+

4.35

4.01 £

2.15

-4.64 +

1.22

043 £

4.54

7.94 +

249

-5.35+

1.04

-2.76 £

1.29

17.10 £

6.72

0.16 £

1.15

1.90 +

0.47

-2.03 £

1.51

13.04 +

4.57

13.53 +

8.17

-0.36 £

0.63

-3.38 £

2.06

6.35 £

0.98

-1.80 £

2.20

0.83 +

0.20

1.69 +

1.93

5.56 +

2.14

4.81 +

297

4.52 +

1.22

0.03 +

1.30

6.30 +

2.26

0.00

1.07

2.26

1.29

144+

0.82

1.47 +

1.14

9.91 +

2.23

-1.05 £

1.64

-1.15 £

1.50

10.59 +

3.44

2.92 +

0.28

6.37 £+

2.36

-0.51 £

1.08

1045 +

4.02

941 +

1.12

-1.27 +

1.04

1.63 +

0.05

8.88 £

2.73

-0.75 £

1.00

545+

1.42

-2.79 £

0.69

491 +

1.36

6.36 +

2.64

-1.99 +

1.94

0.33+

0.47

NA

-1.78 £

0.78

5.68

0.29

-2.78 £

0.90

1.46 +

1.76

1.85+

3.06

0.78 +

0.31

-0.41 +

2.17

NA

-0.94 +

4.10

9.88 +

1.57

0.39+

2.40

0.63 +

291

6.88 +

3.97

-3.87 £

0.52

4.90 +

231

10.06 £

1.65



Thamnosma 6.94 + 7.79 £ 1.93 + 2.14 + 947 + 8.50 + 4.79 + 1.70 £ 8.74 +

montana 2.69 2.92 0.88 2.09 2.86 3.59 2.61 2.74 2.51




Table S4. Stem CO: exchange measurements on a total stem surface area basis

Values are species means of three individuals (n = 3) + s.e. NA, plants had died back and were not measured

Feb 2016 Apr2016 Jun2016 Jul2016 Aug2016 Oct2016 Nov2016 Jan2017 Mar 2017
Ambrosid 506+ 221+ 070+ 078+ 041+ 059+ 0.57 + 0.41 + 126 +
dumosa 3.61 0.42 0.14 0.36 1.29 1.40 0.09 0.84 2.41
Ambrosia salsola 8.45 + 3.08+ 1.92+ 328+ 5.67+ 10.94 + 5.29 + 387+ 342+
3.24 2.57 0.85 0.34 2.74 3.85 2.03 0.81 1.91
Bebbia juncea  6.12+ 6.03 + 4.86 + 4.50 + 4.66 + 8.70 + 1021+ 815+ 13.97 +
0.99 2.98 1.51 1.46 0.19 2.48 1.71 1.61 2.21
Condea emoryi ~ -2.82+ 023+ 106+  -195+  -1.10+£  -025+ 053+  -2.16+  -135+
1.94 0.90 0.21 0.68 0.55 1.71 0.28 1.08 0.91
Eriogonum 6.43 + 3.89 + 0.93 + 7.50 + 2.08 + 13.10+  NA NA 1.75 +
inflatum 2.22 2.96 0.23 0.39 2.89 1.55 2.74
Krameria bicolor -1.01+ 0.05 = 4.07 + 249 + 5.54 + 2.62 £ 1.85+ -143 + 1.81+
1.08 1.66 427 1.46 3.00 1.02 0.29 0.29 0.63



Larrea tridendata

Menodora

spinescens

Psorothamnus

arborescens

Scutellaria

mexicana

Senna armata

Senegalia greggii

Simmondsia

chinensis

Stillingia
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-6.54 +

4.88

352+

0.35

-2.14 +

1.76

4.19 +

0.66

-0.45 +

2.12

0.10 £

0.90

-0.61 +

0.53

391+

2.24

-2.86 £

2.17

2.00 £

1.07

232+

0.61

0.22 +

2.27

397+

1.24

-2.68 £

0.52

-1.38 +

0.64

8.55+

3.36

0.08 +

0.57

095+

0.24

-1.02 £

0.75

6.52 +

2.28

6.76

4.08

-0.18 £

0.32

-1.69 +

1.03

3.18+

0.49

-0.90 £

1.10

042 +

0.10

0.85+

0.97

2.78 £

1.07

241+

1.49

226+

0.61

0.02 £

0.65

3.15+

1.13

0.00 +

0.54

.13+

0.65

-0.72 £

0.41

0.74 £

0.57

4.95 +

1.12

-0.52 +

0.82

-0.57 £

0.75

529+

1.72

1.46 +

0.14

3.18 £

1.18

-0.26 +

0.54

522+

2.01

4.70 £

0.56

-0.63 £

0.52

0.82 +

0.02

4.44 +

1.37

-0.37 £

0.50

2.73 £

0.71

-1.40 £

0.35

245+

0.68

3.18+

1.32

-0.99 +

0.97

0.16 £

0.24

NA

-0.89 +

0.39

2.84 +

0.15

-1.39 +

0.45

0.73 +

0.88

0.92 +

1.53

039+

0.16

-0.21 +

1.09

NA

-0.47 +

2.05

4.94 +

0.79

0.19 £

1.20

0.31 +

1.46

3.44 +

1.99

-1.93 £

0.26

245 +

1.15

5.03+

0.82



Thamnosma 347 + 3.90 + 0.97 + 1.07 £ 4.74 + 425 + 2.40 + 0.85 + 4.37 £

montana 1.35 1.46 0.44 1.05 1.43 1.79 130 1.37 1.26
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Fig. S1. Directional changes in carbon and oxygen isotopic composition from wet to dry
seasons in the bark of green-stemmed species. AMSA, Ambrosia salsola; BEJU, Bebbia juncea;
ERIN, Eriogonum inflatum; KRBI, Krameria bicolor; MESP, Menodora spincescens; SCME,
Scutellaria mexicana; SEAR, Senna armata; STLI, Stillingia linearifolia; THMO, Thamnosma

montana.
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