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Methods S1 Calculation of ®y,q and @y,

The calculation of non-photochemical quenching ®npq and @y, is based on Kramer et al. (2004).
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Methods S2 Limitation calculations for wheat

The calculation of limitations followed Grassi and Magnani (Grassi and Magnani 2005).
Basically, three limitations were partitioned with regard to the changes of gs, gmapp and Vemax,
with each assigned as stomatal limitation (Ls), mesophyll limitation (Lm) and biochemical
limitation (Lg), respectively. The three limitations are presented in percentage that are

comparable with each other.
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Ziot 18 the total conductance to CO, between the leaf surface and carboxylation sites (1/ giot
=1/ gs + 1/ gmapp)- The relative change in net photosynthesis was defined as the ratio of the
actual value of Amax over the maximum value throughout the experiment for each species as

shown below.

re
dA _ AL —Amax

A~ O

max



10 20 50 80 110 80 120 025 035 080 084 0.16 024

1 L1 1 AN} | I 1 1 1 [ IENEERN
os [0.8470.787 0677 0567 0.7F] 042" 040" o [ 020 [ 0687 o™ E _
- (=]
- 357 Anet | 043" |0.8870.8570.97] 065 0557 = | 053 0.7 =
] c,° | Ci.Ca| o1 031" - o 028 0407 | 046" F <
= =]
- - 28, L Vemax | 0.897 0.637 oz 050 0677
© 7l 3 2 <5 gm.app 0.55% on | 0.6%] 0657 oo E
o | — & 0! I* - * y* - §
< B 2 a 0.5 020 | 040°| -0.8
; ® Q M A A * + L
g 2 2 0.3? 082" 0.47 0.75 0 e
0 1855 & 5 o o 5 @ o a%0" T | Sess opa s |FV.Fm.| 027 0.47%| 058%| h
=] o o7 3 -
w% o %%3 oom oomoo qP S oom —O.ﬁ*g 3
g BT o B WP, o9, BB BHT o d PP E Y FoFm | on | om | ©
=] 5o ° ° ) ) [) o 2 T . |5 T \50 I &2 o| on 0 sg* =
I° ST © o o otell o o8| Sl E) o) PNPA | 056 | o
H o O [y 0, Q@ 08% o 08 2 o <
g T CRO = TTTTTTT . & |m T m ;‘ T TTTT I%ﬁﬁ_lﬁc ¢n0
0.1 0.4 0.4 0.7 004 012 025 0.35 050 0.70 040 0.50
15 25 25 40 55 140 200 0.35 0.50 072 0.78 0.20 0.26
|||||.’|(| 1 1 1 I.* e 11 1 !* * 1111 !*I *I 1111
0.44 w | 0.757 0.787 05F* 037*| 0457 | 075 o F o
" 057 ow | 0.847 0.767 0.56%| 0ss”| 056 0.7 s | ©
. 039% [ oz | 0.647 0.787 058 0317 | 0a0*| 07 o EC
£ . vemax| os | 079 o | 0.68 o= | 0677 048" 03| ©
o~ -
S e \pmax| o - oo s ws E
— o - ©
EIPEL % T | | 0577 0.78] - | 0697 0707 -
— 3 - A A * =
3 5 & S 4 Ol | o034 | 0.707] 0w | -0.787 -0487F g
o Fv.Fm.| 03" | 0.6 -0.767 0.54™| °
: . 021 -0.83*5 o
= -0.28 o088
P St 8 PNPA | o= [ g
(=}
gl Bva | ono
T T T

05 07 045 055

Figure S1. Correlation matrix of gas exchange and photochemical traits in responses to heat

interference during prolonged drought. Note: Ci.Ca = Ci/Cy; Fv.Fm. =F,’/Fy’; FvFm = F\/F
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Figure S2. Measured time series of chlorophyll content from Dualex reading in wheat (a) and
sorghum (b) in response to heat interference during drought (circles, DT) and well-watered
(triangles) conditions (WW). For the WW group of plants, green color represents control
temperature and red represents the second day of heat stress. For the DT group of plants, orange

color represents control temperature and red represents the second day of heat stress. Dashed

vertical gray line represents re-watering.
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Figure S3. Changes of the ratio of dry to fresh weight of leaves, stems and roots in wheat and

sorghum in response to heat interference during prolonged drought. Triangles represent the

group of plants always under well-watered condition (WW plants). Green color represents WW

plants under control temperature and red represents the second day of heat stress. Dots represent

the group of plants gradually subject to drought stress then re-watering (DT plants). Orange

color represents DT plants under control temperature and red represents the second day of heat

stress. Dashed gray line represents re-watering.
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Figure S4. Quantitative limitation analysis of photosynthetic CO, assimilation in wheat leaves
in response to heat interference during drought (A) and well-watered (B) conditions (WW). The
shaded areas represent the percentage of stomatal (Ls), mesophyll (Lm), and biochemical (Lp)

limitations. The first dashed vertical gray line represents the second day of heat stress; second

represents re-watering.



Table S1. Measured time series data in wheat of stomatal conductance (gs), net photosynthesis (A4net), intercelullar and ambient CO; concentration (Ci/C,), maximum
carboxylation rate (Vemax), apparent mesophyll conductance (gm,app), €lectron transport rate (J), quantum yield (®1r), quantum efficiency under light (F,’/F’), quantum efficiency

under dark (F./Fm), non-photochemical quenching through downregulatory processes (®npq), and non-photochemical quenching through other energy losses (®no).

Group Day s Anet Ci/C, Vemax &m.app J (O FJIFy qP Fy/Fn Dipq (O

DT 1 0.38+0.04 22.05+1.17 0.73£0.02  105.21+£5.83  0.15+0.02  151.47+5.38  0.28+0.02 0.34+0.03  0.6+£0.06  0.83+0.01  0.5+0.01  0.21£0.01
DT 4 0.324£0.04 21.71+£0.51 0.68+0.03  112.25+£8.07 0.13+0.01  157.58+4.98  0.39+£0.02 0.33£0.05 0.77+0.06 0.84+0.01 0.44+0.01  0.17+0.02
DT 7 0.37+£0.03  23.05+1.95 0.71+0.01 117.44+5.16  0.15+0.01 163.36+10.23  0.3+0.02  0.33£0.04 0.54+0.05 0.84+0.00 0.44+0.03  0.27+0.05
DT 9 0.35£0.03 23.89+1.29 0.69+0.01 105.45+7.15  0.15£0.01  152.884¢9.51 0.36+£0.04 0.36+£0.04 0.68+£0.08 0.84+0.01 0.44+0.02  0.2+0.02
DT 11 0.19£0.02 19.53£1.14 0.52+0.05  92.50+3.45  0.13+0.02  144.14+4.48 0.34+0.03 0.35+0.02 0.66+0.05 0.83+0.00 0.47+0.02  0.19+0.01
DT 13 0.1£0.01  14.85+0.95 0.34+0.04  82.87+6.51  0.22+0.00  129.7+8.42  0.28+0.01 0.28+0.01 0.61+£0.03  0.82+0.01 0.52+0.01 0.21+0.02
DT 15 0.1£0.02  11.53£1.55 0.47+£0.02  68.78+3.16  0.11+0.02  114.63%£4.14  0.28+0.02 0.27+0.02  0.67+0.05 0.84+0.01  0.55+0.02  0.17+0.01
DT 17 0.1+0.01  14.66+1.39 0.38+0.08  79.60+6.50 0.1£0.01 114.63+£8.19  0.32+0.03  0.33+0.03  0.69+0.06 0.84+0.01  0.5+0.03  0.18+0.01
DT 20 0.08+0.01 6.7840.94  0.63+0.01  51.70+7.40  0.04+0.01  79.78+8.29  0.24+0.04 0.25+0.04 0.56+0.08 0.82+0.01 0.56+0.03  0.19+0.02
DT 22 0.18+0.01 11.86+0.84 0.71+0.02  59.8849.94  0.06+0.00  102.37+8.56  0.28+0.03  0.28+£0.03  0.6+0.05  0.8+0.01  0.46+0.03  0.26+0.03
DT 23 0.11+£0.02  8.93+1.19  0.65+0.04  49.19+18.78  0.05+0.01  97.66+12.79  0.24+0.05 0.22+0.06 0.67+0.12 0.81+0.01  0.58+0.03  0.18+0.02
DT 25 0.16+£0.02  12.06+£0.26 0.64+0.04  63.12+3.62  0.0740.01  105.66+4.63  0.32+0.05 0.32+£0.04 0.77+0.11 0.81+0.01 0.51+0.03  0.17+0.02
DT 26 0.24+0.03  13.67+0.53 0.73+0.03  68.71+£5.61  0.07+£0.00  120.79+6.39  0.25+0.03 0.28+0.04 0.62+0.08 0.81+0.01  0.56+0.01  0.19+0.02
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0.74+0.01
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74.67+£2.28
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110.97+5.89
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0.16+0.03

0.13+0.01
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0.1440.01
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0.1340.01

0.13+0.01

0.12+0.00

0.12+0.02

0.07+0.01

0.06+0.01

0.1340.01

0.14+0.01

0.10+0.01

0.13+0.01

160.73+6.03

119.36+5.3

154.29+5.92

150.03+5.84

154.43+4.93

158.49+2.07

158.52+8.63

153.41+11.02

162.87+5.47

156.224+8.95

132.49+0.84

113.4248.17

123.37£10.16

143.32+4.57

161.39+5.8

153.51+2.7

130.3+5.44

0.36+0.02

0.35+0.03

0.36+0.03

0.34+0.04

0.36+0.03

0.35+0.03

0.33+0.03

0.34+0.02

0.37+0.03

0.32+0.03

0.29+0.03

0.29+0.03

0.24+0.04

0.27+0.03

0.34+0.03

0.30+0.03

0.27+0.02

0.23+0.04

0.36+0.03

0.35+0.03

0.34+0.01

0.37+0.04

0.35+0.03

0.35+0.04

0.31+0.01

0.37+0.03

0.36+0.02

0.3+0.03

0.26+0.02

0.29+0.03

0.234+0.04

0.28+0.02

0.37+0.02

0.28+0.03

0.69+0.01

0.62+0.08

0.67+0.09

0.6+0.08

0.64+0.06

0.66+0.08

0.62+0.07

0.62+0.06

0.75+0.04

0.61+0.08

0.56+0.07

0.54+0.07

0.5+0.07

0.58+0.04

0.69+0.1

0.61+0.11

0.48+0.06

0.81+0.04

0.84+0.01

0.83+0.00

0.83+0.01

0.86+0.00

0.84+0.01

0.84+0.01

0.82+0.01

0.84+0.01

0.84+0.01

0.85+0.01

0.82+0.01

0.82+0.01

0.82+0.00

0.82+0.01

0.79+0.00

0.83+0.00

0.44+0.00

0.4+0.03

0.43+0.01

0.4+0.03

0.43+0.01

0.4440.02

0.43+0.01

0.42+0.02

0.46+0.02

0.46+0.02

0.5+0.03

0.4140.05

0.52+0.04

0.51+0.04

0.45+0.02

0.44+0.04

0.43+0.02

0.2+0.02

0.25+0.04

0.21+0.04

0.25+0.04

0.2+0.03

0.21+0.03

0.24+0.02

0.25+0.03

0.16+0.01

0.22+0.02

0.21+0.03

0.30+0.05

0.24+0.02

0.22+0.03

0.21+0.04

0.26+0.07

0.3+0.04




Table S2. Measured time series data in sorghum of stomatal conductance (gs), net photosynthesis (4ne), intercelullar and ambient CO, concentration (Ci/C,), maximum
carboxylation rate (Vemax), maximum phosphoenolpyruvate carboxylase carboxylation (Vpmax), €lectron transport rate (J), quantum yield (@), quantum efficiency under light
(FV’/Fn’), quantum efficiency under dark (F./Fn), non-photochemical quenching through downregulatory processes (®npq), and non-photochemical quenching through other

energy losses (Pno).

Group Day gs Anet C/C, Vemax Vomax J Oy FVIFy qP Fu/Fn Dppq Dy

DT 1 0.14+£0.01 25.15£1.68 0.19+0.01 49.98+14.8 140.53+16.97  226.3£6.37  0.25+0.02  0.53+0.01 0.48+0.04 0.81+0 0.47+0.01  0.28+0.02
DT 3 0.09+0.01 18.94+0.47 0.17+0.02 45.86+£8.16  73.59+19.8 200.44£2.85  0.25+0.02 0.52+0.03  0.49+0.05 0.81+0.01 0.46+0.03  0.29+0.03
DT 5 0.07+0.01 18.11£2.34 0.16+0.07 31.15+3.54  90.48+0.90  188.31+20.37 0.27+0.04 0.49+0.02 0.55+0.06 0.79+0.01 0.47+£0.03  0.26+0.01
DT 7 0.11+£0.02 24.08+£3.14 0.20+£0.06 41.93£3.63 112.52+£16.61 198.64+14.28 0.31+£0.03 0.46+=0.03  0.68+0.06 0.78+0 0.46+0.04 0.23+0.02
DT 9 0.10+0.02  23.19+£1.47 0.12+0.05 40.59+£2.55 97.65+38.86 200.08+12.97 0.24+0.02 0.43£0.06  0.6+0.07  0.81+0.01 0.48+0 0.26+0.02
DT 11 0.05£0.01 12.24+1.71 0.03£0.00 33.0744.93 136.39+33.94 142.77+13.95 0.21+0.04 0.35+0.05 0.58+0.09 0.76+0.02 0.56+0.06  0.24+0.01
DT 13 0.08+0.01 17.95£1.89 0.04+0.03 33.36+5.94 102.46+17.50 148.31+9.85 0.19£0.01 0.39+0.02 0.50+0.04 0.78+0.01 0.56+£0.02  0.25+0.02
DT 16 0.06+0.01 13.25+2.42 0.06+0.02 29.19+0.94 80.25+17.34  157.51£9.91 0.20+0.03  0.33+0.04 0.61+0.06 0.79+0.02 0.59+0.02 0.21+0.01
DT 18 0.08+0.01 17.69+£1.36 0.07+0.02 22.71£1.57  75.93+3.71 147.7£8.22  0.26+0.04 0.36+£0.02 0.74+0.08 0.72+0.02 0.49+0.03  0.24+0.02
DT 19 0.07£0.01 16.28+1.67 0.01+0.01 24.254+5.28 148.1+14.83 154.94+1.43  0.18£0.04 0.42+0.03  0.44+£0.08 0.76+0.02 0.52+0.03  0.3+0.03
DT 21 0.08+0.01 18.02+£2.15 0.04+0.02 33.12+£3.10 85.97£17.31 164.69+12.62 0.22+0.03 0.38+0.01  0.584£0.07 0.79+0.02  0.55+0.03  0.23+0.01
DT 23 0.10£0.01 19.51£3.03 0.17+0.08  27.4+4.02 97.66+7.44 146.54+£19.49 0.2840.03  0.33+0.05  0.88+0.1  0.77¢0.01  0.53+0.03  0.19+0.01
DT 24 0.13£0.02 25.77£2.45 0.10£0.05 29.794+2.62 129.39+9.15  200.56+£6.69  0.31£0.06 0.41+0.02 0.74+0.12 0.81%0.01 0.5£0.04  0.19+0.02
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99.45+6.57

204.01+9.82

217.09+£3.29

205.7+7.34

195.8+7.32

184.64+9.06

170.75+£5.73

203.06+13.98

203.2543.71

197.5+6.86

191.58+1.90

149.66+14.13

153.89+14.65

195.38+7.42

209.62+8.36

214.15+£7.20

189.13+21.17

188.54+5.47

0.33+0.02

0.35+0.02

0.25+0.04

0.26+0.01

0.24+0.01

0.26+0.03

0.28+0.03

0.32+0.02

0.24+0.03

0.30+0.05

0.24+0.03

0.24+0.02

0.27+0.02

0.26+0.03

0.31+0.04

0.30+0.02

0.37+0.03

0.45+0.01

0.49+0.02

0.51+0.01

0.50+0.02

0.44+0.01

0.48+0.03

0.5+0.03

0.48+0.01

0.46+0.02

0.4340.01

0.43+0.02

0.43+0.02

0.52+0.03

0.46+0.02

0.44+0.02

0.47+0.01

0.45+0.01

0.74+0.04

0.7+0.03

0.5%0.08

0.52+0.03

0.44+0.09

0.54+0.07

0.57+0.07

0.67+0.06

0.524+0.06

0.70+0.12

0.57+0.09

0.56+0.05

0.52+0.03

0.56+0.07

0.70+0.07

0.63+0.03

0.82+0.03

0.80+0.01

0.79+0

0.83+0.01

0.82+0.01

0.79+0.01

0.7940.01

0.80+0

0.81+0.01

0.82+0

0.79+0.02

0.81+0.01

0.80+0.01

0.80+0.01

0.80+0.01

0.82+0.01

0.80+0.02

0.78+0.02

0.46+0.01

0.42+0.03

0.47+0.02

0.48+0.02

0.51+0.01

0.47+0.02

0.46+0.02

0.46+0.01

0.52+0.02

0.48+0.03

0.52+0.02

0.524+0.01

0.46+0.03

0.49+0.03

0.49+0.03

0.45+0.01

0.41+0.01

0.20+0.01

0.2440.01

0.28+0.03

0.26+0.02

0.25+0.01

0.27+0.02

0.26+0.03

0.224+0.01

0.24+0.02

0.22+0.02

0.24+0.03

0.2540.01

0.26+0.01

0.25+0.02

0.20+0.01

0.25+0.02

0.21£0.02




Table S3. 6'°C data in leaves, stems and roots in wheat at four time points.

Group Day Organ oBC

DT 20 Leaf -32.99+0.11
DT 22 Leaf -33.04+0.11
DT 25 Leaf -32.92+0.31
DT 35 Leaf -31.11+0.14
DT 20 Root -31.00+0.34
DT 22 Root -30.67+0.20
DT 25 Root -30.88+0.09
DT 35 Root -31.04+0.12
DT 20 Stem -32.19+0.05
DT 22 Stem -31.90+0.20
DT 25 Stem -32.01+0.20
DT 35 Stem -32.48+0.10
Ww 20 Leaf -33.69+0.11
wWw 22 Leaf -34.12+0.17
ww 25 Leaf -33.90+0.11
ww 35 Leaf -33.74+0.10
ww 20 Root -31.76+0.30
wWw 22 Root -32.59+0.21
ww 25 Root -32.61+£0.10
ww 35 Root -32.97+0.10
ww 20 Stem -33.88+0.11
Ww 22 Stem -33.87+0.23
ww 25 Stem -33.74+0.19
wWw 35 Stem -34.01+0.11
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Table S4. 6'°C data in leaves, stems and roots in sorghum at four time points.

Group Day Organ oBC

DT 14 Leaf -14.85+0.14
DT 16 Leaf -15.18+0.10
DT 21 Leaf -15.49+0.11
DT 33 Leaf -14.64+0.22
DT 14 Root -14.79+0.13
DT 16 Root -14.51+0.13
DT 21 Root -14.97+0.23
DT 33 Root -14.86+0.14
DT 14 Stem -14.17+0.16
DT 16 Stem -14.07+0.15
DT 21 Stem -14.444+0.12
DT 33 Stem -14.08+0.29
WWwW 14 Leaf -14.85+0.12
wWWwW 16 Leaf -14.51+0.14
wWW 21 Leaf -14.66+0.14
wWW 33 Leaf -13.99+0.09
wWWwW 14 Root -14.94+0.34
WWwW 16 Root -14.29+0.31
wWWwW 21 Root -14.95+0.48
wWW 33 Root -14.42+0.18
wWWwW 14 Stem -13.75+0.01
AW 16 Stem -13.30+0.30
WW 21 Stem -13.35+0.43
WwW 33 Stem -13.39+0.05
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