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Transpiration (mmol m2 s-1)
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Relationship between stomatal conductance (A), transpiration (B), and photosynthesis in 28 sugarcane genotypes,
n=360.
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Tr: Transpiration rate, mg.m=2s"!

VD,: Water vapor density in the stomata, mg m-3
VD,: Water vapor density in the air, mg m-3

Rv: Total resistance, s/m

Rv = Rav + (RIv + Rlv.inc)

Rav: Aerodynamic resistance,s/m (+ Bl <71,)

RIv: Stomata resistance changed by irradiation, s/m (3 Bl 1)
RIv.inc: Increment of r, based on CO2 concentration, s/m
THEIAERES VAL RT AR




TrSimulator s Bc%iBAL T

E/ 2 S+ J:L/ y % Default values used
2 58 F]
,E{/ .ﬁ- AN B{ m 5 M Ti (deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
2 Wind (m/s) 1
B R~ BRRBEVPD - VDD ~ AHD PAR (Wim2) pro-
. . CO2 (ppm) 400
i 5 § :
b A B jl é] [£ aV rad.Type: high | std | low 2
B8R F 3 = 1T u ! 187 AR CO2 Type: std | low 1
AR ﬁ“ p ( ;}‘ J F PE' ﬁi—}i AR ) Values derived
— 1§ & *E_ wag LIE4 TR}, Sat. vP of air (kPa) 23
, Vap. density of air (mg/m3) 6909.8
— S s g JU PR 4 :
COZ/};:‘ fi%/%@, S E ’ Rlv.lnc Sat. vP of leaf (kPa) 2.3
_ H al r‘!a #\?};’»E’_ fu Ejl’ﬁﬂ% Vap. density of leaf (mg/m3) 172744
VDD_leaf-air (mg/m3) 10364.6
+ 2 2 A e =4 N 2 S E——————
* xR lmie % kK& 9% 7 %ﬁ‘ Rav=f(Wind) (s/m) 100
Riv=f(PAR, radType) 200
\V} - av IV IVInC Rv=Rav+RIv+Rlv.inc 424 24
Tr rate (mg/m2/s) =VDD/Rv | 2443
" Tables of VPD, VDD, Tr =f(T, RH)
Quit




é Def.. — ] X

. ? Default values used
e N2 4 S~ S r /
& | L e 4
5 %R 7 N by /3
)i\ 3 W -2 _§K J\ /L3 E— = fF« 4° 7] - Ti (deg.C) 20
RHi (%) 40
R . EL . g 4 if Wind >= 1 Tieaf (deg.C) 20
av 3§ ] é‘l F—-— Rav=100; :
else Wind (m/s) 1
4 Figure showing Rav at various wind velocity (m/s) Rav=200- (Wind*100) ; - "
9 9 v o PAR (W/m2) 400
CO2 (ppm)
300 : , : : . ppm; 400
rad.Type: high | std | low 2
= CO2 Type: std | low 1
= 250 . :
A Values derived
&:‘3 Sat. vP of air (kPa) 2.3
~— 200 ~ 4
o ~. Vap. density of air (mg/m3) 6909.8
= ~,
% ™, - Sat. vP of leaf (kPa) 2.3
‘» 150 "N ] ; -
§ N Vap. density of leaf (mg/m3) 17274.4
S
. IRG . 2
g o0 wied iaggyugute VDD_leaf-air (mg/m3) 10364.6
g; Rav = 100 s/m 4= Rayv=f(Wind) (s/m) 100
3 Riv=f(PAR, radType) 200
[16] L -
< 0 Riv.inc=f(C0O2,CO2type) | 124.24
Rv=Rav+RIv+Rlv.inc 424 24
D 1 | 1L A 1 - n -
0 05 q 15 2 25 3 ‘Tr rate (mg/m2/s) =VDD/Rv | 2443
Wind velocity, m/s Tables of VPD, VDD, Tr =f(T, RH)

Quit




— l X

4 Def...
\ Y g _ﬂ » Y SN S — y
710 E 2/, 8 7J\ ‘/:L 3@ :hl %‘ 4 i B tJ R Default values used

NS

S - — lv
Ti(deg.C) 20
4 Figure showing Rlv at various PAR (W/m*2) — H X RHi (%) 40
Tleaf (deg.C) 20
1400 Wind (m/s) 1
if radType==1 % high Cr T - high PAR (VWITIZ) 400‘
E radU=1400; radL=300; op Type: hig co2 (ppm)
L4)] 1200 elseif radType==2 $ std | | 7T~ CFD{J Type: sid. i ppm, 400
c - £adU=1200;radL=200; ~ — = Crop Type: lo rad.Type: high | std | low
O else % low il | i ST KRN <
ﬁ 3 radU=1000; radL=100; COo2 Type: std | low 1
© 1000 = 1 Values derived
o ' if PAR > 80
o Rlv = radl; Sat. vP of air (kPa) 2.3
- 800 else i : R
g R1v=radU-PAR* (radU-radL)/80; Vap. density of air (mg/m3) 6909.8
E end Sat. vP of leaf (kPa) e
§ 600 - Vap. density of leaf (mg/m3) 17274.4
.g VDD_leaf-air (mg/m3) | 103646
© 400 - Rav=f(Wind) (s/m) 100
g 4=mm RIv=f(PAR, radType) 200
E 200 L PAR=40W/m* - Riv.inc=f(C02,CO2type) 124.24
b e My=SOw= 0000 Rv=Rav+RIv+RIv.inc 424.24
0 ) ) ) ) ) ) ) Tr rate (mg/m2/s) =VDD/Rv I 24 43
0 100 200 300 400 500 600 700 800 Tables of VPD, VDD, Tr =f(T, RH)

PAR, W* Quit




Quit

Quit

Quit

4D — ] X 4D — ] X 4D — ] X
__ Default values used Default values used Default values used
Ti(deq.C) 20 Ti(deg.C) 20 Ti(deq.C) 20
RHi (%) 40 RHi (%) 40 RHi (%) 40
Tleaf (deg.C) 20 Tleaf (deg.C) 20 Tleaf (deg.C) 20
Wind (m/s) 1 Wind (m/s) Wind (m/s) 01
| PAR(Wim2) 50| PAR (W/m2) PAR (W/m2) 400
CO2 (ppm) 400 CO2 (ppm) CO2 (ppm) 1000
rad.Type (high | std | low) 2 rad.Type (high | std | low) 2 rad.Type (high | std | low) 2
CO2 Type (sid | low) 1 CO2 Type (std | low) 1 CO2 Type (sid | low) 1
Values derived Values derived Values derived
Ps.air (kPa) 2.3 Ps.air (kPa) 2.3 Ps.air (kPa) 2.3
VDair (mg/m3) 6909.8 VDair (mg/m3) 6909.8 VDair (mg/m3) 6909.8
Ps.leaf (kPa) 2.3 Ps.leaf (kPa) 23 Ps.leaf (kPa) 2.3
VDleaf (mg/m3) 17274.4 VDleaf (mg/m3) 17274.4 VDleaf (mg/m3) 17274.4
VDD (mg/m3) 10364 .6 VDD (mg/m3) 10364.6 VDD (mg/m3) 10364 .6
Rav (s/m) 100 Rav (s/m) 100 Rav (s/m) 190
Riv (s/m) 450 Riv (s/m) 200
Riv.inc (s/m) 124.37 Riv.inc (s/m) Riv.inc (s/m) 310.92
Rv total (s/m) 674.37 Rv total (s/m) 424 37 Rv total (s/m) 700.92
Tr rate (mg/m2/s) 15.37 Tr rate (mg/m2/s) 24 .42 Tr rate (mg/m2/s) 1479




_ r— L % }_\i P J b . _‘A Def... - L] X
E;’—U . , A= 5 3 3
—_ % l ‘1’\ / -2 f’,?z 7L (L -@ = 7{{9 4 7] F——El— R|V inc Default values used
4 Figure of Rlv.inc at two crop type and CO 2 — L] X Ti (deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
E 4% T L Li T L ] -
£ Wind (m/s) 1
- Crop Type: std.
o I e A —— PAR (W/im2
o 40r | .- Crop Type: low nd (Wim2) 409
O e CO2 (ppm) 400)
E 150 + P 1 rad.Type: high | std | low 2
3 N CO2 Type: std | low 1
o 3001 f,'f 1 ___ Vales derived
o ,
= Re Sat. vP of air (kPa) 23
w 290 d }
= s Vap. density of air (mg/m3) 6909.8
@ ,
= 200t 'f,f - Sat. vP of leaf (kPa) 2.3
< 7 if cotype ==1 ¢ std |Vap. density of leaf (mg/m3) 172744
E 150 + 7 ’ CO2U=2352; Rlvincmax=400; 10364 6
¢ 1 % low i .
2 CO2=731.3 mgim='400 ppm @ 20°C T ormansz Mvinemax200; o e WG
. Rlv.inc =124.24 s/m end Rav=f(Wind) (s/m) 100
© 100F+ CO2mgm3=C02*44/0.0821/ (273.15+Ti) ;
= Riv=f(PAR, radType) 200
(4] vinc=Rlvincmax;
e s Tt o coomn 4==m Rlv.inc=f(CO2,CO2type) | 124.24
g . Rlvinc=Rlvincmax*C0O2mgm3/C02U; Rv=Rav+RIv+RN.inc 42424
en
= 0 . . . ' : Tr rate (mg/m2/s) =VDD/Rv | 24.43
0 500 1000 1500 2000 2500 3000 Tables of VPD, VDD, Tr =f(T, RH)
CO2 concentration, rngfm3 Quit




4D -— O X 4D -— O X 4D -— O X 4D -— O X
Default values used Default values used ___ Default values used Default values used ___
Ti(deg.C) 20 Ti(deg.C) 20 Ti(deg.C) 20 Ti(deg.C) 20

RHi (%) 40 RHi (%) 40 RHi (%) 40 RHi (%) 40
Tleaf (deg.C) 20 Tleaf (deg.C) 20 Tieaf (deg.C) 20 Tleaf (deg.C) 20
Wind (m/s) 1 Wind (m/s) 1 Wind (m/s) 1 Wind (m/s) 1
PAR (Wim2) 400 PAR (Wim2) 400 PAR (Wim2) 400 PAR (Wim2) 400
CO2 (ppm) 400 CO2 (ppm) 400 CO2 (ppm) 1200 I CO2 (ppm) 1200
rad.Type (high | std | low) 2 rad.Type (high | std | low) 2 rad.Type (high | std | low) 2 rad.Type (high | std | low) 2
CO2 Type (std | low) 2 CO2 Type (std | low) 1 CO2 Type (std | low) 1 CO2 Type (std | low) 2
Values derived Values derived Values derived Values derived
Ps.air (kPa) 2.3 Ps.air (kPa) 2.3 Ps.air (kPa) 2.3 Ps.air (kPa) 2.3
VDair (mg/m3) 6909.8 VDair (mg/m3) 6909.8 VDair (mg/m3) 6909.8 VDair (mg/m3) 6909.8
Ps.leaf (kPa) 2.3 Ps.leaf (kPa) 2.3 Ps.leaf (kPa) 2.3 Ps.leaf (kPa) 2.3
VDleaf (mg/m3) 17274 .4 VDleaf (mg/m3) 17274 .4 VDleaf (mg/m3) 17274 .4 VDleaf (mg/m3) 17274 .4
VDD (mg/m3) 103646 VDD (mg/m3) 103646 VDD (mg/m3) 103646 VDD (mg/m3) 103646
Rav (s/m) 100 Rav (s/m) 100 Rav (s/m) 100 Rav (s/m) 100
Riv (s/m) 200 Riv (s/m) 200 Riv (s/m) 200 Riv (s/m) 200

| Riv.inc (s/m) 62.18 Riv.inc (s/m) 124.37 Riv.inc (s/m) 373.1 Riv.inc (s/m) 186.55 I

Rv total (s/m) 362.18 Rv total (s/m) 424 37 Rv total (s/m) 673.1 Rv total (s/m) 486.55
Tr rate (mg/m2/s) 26.62 Tr rate (mg/m2/s) 24 .42 Tr rate (mg/m2/s) 15.4 Tr rate (mg/m2/s) 213
Quit Quit Quit Quit |




CO, H =4 . ppm, mg/m3, mg/kg

PV=nRT=(MM)RT
whenP=1,V=mRT/M
density=m/V=M/(RT)

@0°C = 44/(0.0821*273.15) = 1.96 mg CO,/m3air @ 1 TAM
=44/(0.083144*273.15) = 1.9374 @ 1 bar
@20°C = 44/(0.0821*(273.15+20)) = 1.83 mg CO,/m? air

1 ppm =1 m? CO,/10° m° air = 1.96 mg/m° air @ 0°C
= 1.96/density of air = 1.96/1.29 = 1.519 mg/kg@ 0°C




‘ TrSimulator.m
__ Default values used ______
Ti(deg.C) 25
RHi (%) 20
Tleaf (deg.C) 25
Wind (m/s) 1
PAR (Wim2) 400
CO2 (ppm) 400
rad.Type (high | std | low) 2
CO2 Type (std | low) 1
Values derived
Ps.air (kPa) 3.2
VDair (mg/m3) 4601.9
Ps. leaf (kPa) 3.2
VDleaf (mg/m3) 23009.6
VDD (mg/m3) 184076
Rav (s/m) 100
Riv (s/m) 200
Riv.inc (s/m) 122.28
Rv total (s/m) 422.28
Tr rate (mg/m2/s) 43.59
Quit

Relative humidity and Transpiration rate at various temperatures

TrSimulator.m

(Ip 400 Wm ,Wind1l m/= , CO?2 conc. 732 mg/m® )
Temperature, C
0 3 10 15 20 29 30 32 40
o 11.41| le.00f 22.131 30.1%9% 40.e%9 54.200 71.40( 93.08120.15
20 .13 12.80] 17.70] 24.15 32.55' 43.3E] 27.12] T4.47 Se.12
o 40 6.85 9.60 13.28 lE.lEI 24.43| 32.52 42.24) 55.85) T72.0%
1 a0 4.56 6.40 2.835] 12.08| le.28] 21.63| 28.58 37.23] 48.0¢6
a0 2.28 3.20 4.43 o.04 o.14 10,24 14.2%2 S.02| 24.03
100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
140
120
d 100
] / / - 0%
g //// A [
[ —— T
g S
3 //’éf// " 80%
=1
= " 100%
= op W
0 : . - . - . -
0 2 10 15 20 25 30 39 40
Temperature. C

Default values used

Ti (deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
Wind (m/s) 1
PAR (Wim2) 400
CO2 (ppm) 400
rad.Type (high | std | low) 2
CO2 Type (std | low) 1
Values derived
Ps.air (kPa) 2.3
VDair (mg/m3) 6909.8
Ps.leaf (kPa) 2.3
VDleaf (mg/m3) 17274 .4
VDD (mg/m3) 103646
Rav (s/m) 100
Riv (s/m) 200
Riv.inc (s/m) 124.37
Rv total (s/m) 424 37
Tr rate (mg/m2/s) E
Quit |




E Vapor Density Deficit (VDD) under various T and RH — []

:-::104

6 L L T L T Li L]
—6— RH=0%

(&)

$a

[ #4]

Vapor Density Deficit, mg/m3
)\

Temperature, °C

TrSimulator.m

Default values used

Ti (deg.C)

RHi (%)

Tleaf (deg.C)

Wind (m/s)

PAR (W/m2)

CO2 (ppm)

rad.Type: high | std | low

~In| 8|8~ 8|88

CO2 Type: std | low
Values derived
Sat. vP of air (kPa) 23
Vap. density of air (mg/m3) 6909.8
Sat. vP of leaf (kPa) 23
Vap. density of leaf (mg/m3) 17274.4

T

Rav=f(Wind) (s/m) 100
Riv=f(PAR, radType) 200
Riv.inc=f(CO2,CO2type) 124.24
Rv=Rav+Rlv+Rlv.inc 424.24
Tr rate (mg/m2/s) =VDD/Rv 2443

Tables of VPD, VDD, Tr =f(T, RH)

Quit




E Transpiration rate (Tr) under various T and RH

Transpiration rate, mgfm?‘!s

140

3

3

8

2

TrSimulator.m

Default values used

Ti (deg.C)

RHi (%)

Tleaf (deg.C)

Wind (m/s)

PAR (W/m2)

CO2 (ppm)

rad.Type: high | std | low

~In| 8|8~ 8|88

CO2 Type: std | low
Values derived
Sat. vP of air (kPa) 23
Vap. density of air (mg/m3) 6909.8
Sat. vP of leaf (kPa) 23
Vap. density of leaf (mg/m3) 17274.4
VDD_leaf-air (mg/m3) 10364.6

Temperature, °C

Rav=f(Wind) (s/m) 100
Riv=f(PAR, radType) 200
Riv.inc=f(CO2,CO2type) 124.24

Rv=Rav+Rlv+Rlv.inc 424.24

| Tr rate (mg/m2/s) =VDD/Rv | 2443

Tables of VPD, VDD, Tr =f(T, RH)

Quit




4D — O X
____ Defautvalues used ‘ﬁ» ,EEZ ':LJ//JE&’ N é‘)f{ ":;.L

Ti (deg.C) 20
RHi (%) 95|
Tleaf (deg.C) 19
Wind (m/s) 1
PAR (Wim2) 400 ¢ Tr — VDD / RV tOtaI
CO2 (ppm) 400 |
rad.Type (high | std | low) 2
CO2 Type (std | low) 1 e |1 #';u( 'ﬁ\‘é’—f "@ﬁ'? VDD>0>Tr>0

Values derived

— BRI g F AT E R

Ps.air (kPa) 2.3
VDair (mg/m3) 16583.4
Ps.leaf (kPa) 2.2 0 o S
| o Bk kAT o Bdeg Raiks 0 VDD <O
VDleaf (mg/m3) 16289.2 v
VDD (mg/m3) 2942 — BEAR Nt B LR Tr<0 e d A RT
Rav (s/m) 100 g 3o P pFenTr B4l 25 0
v sm 200 - RAFITAMP o SRR A
Riv.inc (s/m) 124.37
Rv total (s/m) 424 37

Tr rate (mg/m2/s)
Quit




e

VPD = (T,

air?

B4

RH,) VDD = (T,

air ? RHair)
Tr = f.(Tair’ RHair)

Command Window

Press 'enter' to contlnue jﬂ%

TrSimulator.m

Default values used

Ti(deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
Wind (m/s) 1
PAR (W/m2) 400
€02 (ppm) 400)
rad.Type: high | std | low 2
CO2 Type: std | low 1
Values derived
Sat. vP of air (kPa) 2.3
Vap. density of air (mg/m3) 6909.8
Sat. vP of leaf (kPa) 2.3
Vap. density of leaf (mg/m3) 17274.4
VDD_leaf-air (mg/m3) 103646
Rav=f(Wind) (s/m) 100
Riv=f(PAR, radType) 200
Rlv.inc=f(CO2,CO2type) 12424
Rv=Rav+RIv+Rlv.inc 424 24
Tr rate (mg/m2/s) =VDD/Rv | 24.43

4

Tables of VPD, VDD, 1r =f(T, RH)
Quit




Command Window

Vapor Density Deficit (VDD in mg/m3) at various alr T and RH assuming Tair = Tleaf

RH = 0% 4843.1 6792.2 0392.5 12817.3 17274.4 23009.6 30311.2 30514.4 51005.1 wmg/m3
RH = 20% 3874.5 5433.% 7514.0 10253.9 12319.5 18407.6 24249.0 21611.5 40804.1 wmg/m3
RH = 40% 2905.9 4075.3 5635.5 7690.4 10364.6 13805.7 18186.7 23708.7 30603.0 wmg/m3
RH = 60% 1937.3 2716.9 3757.0 5126.9 6909.% 0203.% 12124.5 15805.8% 20402.0 mg/m3
RH = &0% 968.6 1358.4 1878.5 2563.5 3454.9 4601.9 6062.2 7902.9 10201.0 wmgim3
EH

= 100% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 wmg/m3
f.\; Press 'enter' to continue j’%— ‘En‘ter, mE o v &E',"]‘ * -

Command Window

Transplratlon Rate (Tr) at warloms alr T and BEH assuming Talr = Tleaf
Rav = 424,24 s5/n

T alr = 0 5 10 15 20 15 30 35 40 deg.C

RH= 0% 11.42 16,01 22,14 30,21 40,71 54,24 71,45 93 14 120,232 mgifmd/s
EH = 20% 9.1 12,81 1771 24,17 31,57 43,30 57,16 74,51 e, 18 mgimdfs
EH = 40% 6,85 .6l 12,28 18.13 24,43 31,54 4287 55,84 7214 mgimdfs
EH = 6a0% 4,57 6. 40 .86 12,09 16,29 21,70 28.58 327.24 48,09 mgimdSs
EH = 30% 2.28 3.20 4.43 f.04 .14 10,85 14,209 18,43 24,05 wmgimdfs
EH = 100% 0.00 0.00 0.0o 0.0o 0.o0 0.o0 0.00 0.00 0.00  mgimdis

fI ;}‘.Q.M‘ = = ‘Enter’ » ¥ A %—Y/,E-' | %ﬁi%ﬂiﬁ—%ﬁa? ‘enter' to cContlnue




VPD = 1:(Tair’ RHair) VDD = f(TaiH RHair) Tr = 1:(Tair’ RHair)
MATLAB R 445

for j=1:1:6
rH=20*(j-1);
for i=1:1:41
Tp=i-1;
Psat=0.61078%exp(17.269*Tp/(237.3+Tp)); % vapor pressure in kPa
VDsat=2166*Psat/(273.16+Tp)*1000; % vapor density in mg/m3
VPD(j,i)=Psat*(1-rH/100); % in kPa
VDD (j,i)=VDsat*(1-rH/100); % in mg/m3
Tr(j,i)=VDD(j,i)/Rv; % Rv = 424.24 = f(Wind, PAR, CO2, radType, CO2type)
end % for i

end % for |
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Lo X ol — 0 X
P KAl | — Default values used ___
Pmax|(g/m2/s) | 0.002
Tm (deg.C) 25
PSSimU lator.m Rate constant (deg.C) 3
Kc@ 0.44
KI (W/m2) 100
—_Values might varied ___
PAR (W/m2) 400
Ci(g/m3) 0.54
Rtotal (s/m) 400
Tleaf (deg.C) 25
Values derived
PS rate (mg/m2/s) 0.63154
Quit




JI A TR ST .
= 3% 5 Y PsSimulator.m
F T
4 Fig.1: Pvs. Ci and PAR - 0 4 Fig.1: Pvs. Ci and PAR — 0
12 | 1 | 1 | 11 T Ll T Ll T
—&—Ci=108gm’ o009 (b | € ci=108gm’ )
A8 e Ci=054gm* g~ || Ci=0.54 gm’
@ — == Ci=027 gm’ ® 09t - :
3] . 3]
"‘g "'E 0 8 -
£ 08 PAR = 400 Wi, C, = 0.54 gim’. g
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i lea
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=N " S '~ . PsSimulator.m
E T~
4 Fig.2: P vs. Rtotal and PAR — O 4 Fig.2: Pvs. Rtotal and PAR — O
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4 Fig.1: Default Values of a day — L] X
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4 Fig.3: Resistance of vapor leaving and CO2 entering the stomata — L] X
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4 Fig.4: Transpiration rate and PAR — L] X
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4 Fig.5: Transpiration rate and VPD
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4 Fig.6: Transpiration rate and VDD — L] X
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4 Fig.8: Ps, Rp, Rd and Pn — ] X
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4 Fig.10: Pn and TE (TE = 0 when Pn <= 0) — [] X ,
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4 RlIv at 3 crop-types and PAR (W/m*2) — ] X — [WPnandTE]____
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© Fig.4: Transpiration & PAR
'g_ 04r Fig.5: Transpiration & VPD
E Fig.6: Transpiration & VDD
- 06 Fig.7: G, Gc & GTI coeff.
osl —&— Response constant = 2~5:C Fig.8: Ps, Rd, Rp and Pn
—©— Response constant = 10 °C Fig.9: Pn and Tr
-1 : . . 4 - - - Fig.10:Pnand TE=Pn/Tr
0 5 10 15 20 25 30 35 40 R_av R I R_Iv.inc
Leaf Temperature, °C Gl G_c G_Tl
' Quit




Pn Simulation.xlsx

P Y g A \%'
sk &g 3
NET PHOTOSYNTHETIC/RATE

mg m= s
umol m-2 s




A|B| C D | E | F G | H 1 | 3 K L | M | N 0 P Q R S il
| |assumpil L Pmd b 3.123136 Q10= 2RIQ00)= 007 (c= 440 | | PhotoRespyPh Dark Respir
2 |hr:mn T°C RH.% WindnV/s PARMI&CO2.p0m PARWan2 CO2:mghn: Vps.gin3 Vds, g3 Vd,e/m3 Rlv, s/m Ravsi  RIv.incsk Tragfm3s GI Gce GTI Kpr Rd.mgAm3.
3| 1| 11.8 9] 2.3 0 400 0.00 784 138 10.52 9.57 1200 100 133 0.66 0 06405 05289 03333 00397
4 | 2| 114 92 2.1 0 400 0.00 784 135 1026 9.44 1200 100 133 0.57 0 06405 0508 03333 00386
5 3103 95 1.9 0 400 0.00 784 1.25 9.57 9.09 1200 100 133 0.33 0 06405 04525 03333  0.0357

4 0A 0A NA 0N 4NN nm R4 120 Q1A R 70 1200 140 12% N8 N N AANS NA417A N33 0.0340
5| 10 26 1000.00 0.0352
6 11 0.0380
7l 13 900.00 0.0434
8| 15 100 —8—Tair 200.00 0.0527
9 18 —§—RH 0.0622
100 19 2| a0 PAR (W/m2) 700.00 0.0667
1 20 = 0.0715
12l 21 £ 600.00 0.0771
13| 21 E - - 0.0782
14 21 e 0.0771
15 7 £ 400.00 0.0750
1{» 21 E " ().()/s..\‘
17, 19 300.00 0.0681
18| 18 0.0622
19| 17 20 9o oo\ 200.00 0.0589
200 16 0——0—-_.__.__,’/’_”‘_* kH*.‘._._. 10000 0.0565
21 1 0.0531
22 | B 0.00 (0.0495
23 14 1 4 9 14 19 24 0.0492
24| 14 Time (00:00~24:00) 0.0488
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%‘J‘%’J\/T:‘E’:’l} 4 mf.%'—,’?,ﬁ.\\ﬂ{-‘\"'f
. k- due to Wind 1|due to light low std high
Bz~ e AR * COyk & Rav E‘ Rly Rly Rlv
R =R, +R,+R 00 [200] 300
v.total av lv Iv.inc
Rv.total=424.5 for std., light and std. CO, condition
assuming RH=40% VD _40%RH 6.91
assuming T1=Tair VD 100%RH 17.27 Vps 2.34
as shown in Chap.7 ~ VDD= 10.36 g/m3 Rlv.inc. |Rv=sum of Rav, Rlv, Rlv.inc, in s/m
11036463 me/m3 § std 12451 345 23] 524.5
low std high due to light low 62.25 262.25 362.25 462.25
Tr=VDD/RvV in g/m3*m/s Due to CO, std. 31.94 m-l 19.76
Due to CO, low 3950 2861 22.42

=g/m2/s

Plant Type (Light) Std. ¥| Temp. 20| Ip
Plant Type (CO2) Std. v W lim/s | CO2
RH 404 Co2

Simulation Input temperature and humidity, then transpiration rate is calculated. The value of the following environmental factors can be changed: photosynthetically
active irradiance, wind velocity, CO2 concentration, the reaction type to irradiance by plants, and the reaction type to CO2 concentration by plants.

4»ijl{l/“f/m: Rav 100.0 s/m
4‘:":‘1ppm Rl\' 200.0 S/m
132.1 mg/ms Inc. of Rlv 124.5 s/m Tr 23.92) mg/(nr's)

Tr=10364.63/424.5 = 24.42

400 ppm * 44/(0.0821%(273.15+20)) = 400 * |.83 = 732 mg/m?
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27 _ )7 b= . J-
* T A~ ki > RE
—_ *
R, =1.65*R_,
—_ *
—_ *
RIc.inc =1.4 RIv.inc
o — .
Rc.total Rac g RIc i RIc.mc
Plant Type (Light) |Std. v Temp. |
Plant Type (CO2) Std. v Wind

N3 Rlv.CO2 low std high due to light
A C 02 /% }fﬁ Due to CO2: low 140 280 420
Due to CO2: std JR— T - T&O_I 420
Rav.CO2 55,
Rlv.inc.CO2 |low std high due to light
Due to CO2: low 87.2 87.2 87.2
Due to CO2: std 174.3 EJ 174.3
R.total low std high due to light
Due to CO2: low 392.2 532.2 672.2
Due to CO2: std 479.3 619.3 759.3

Rc.total
-~ ] @ | ~ - ] -
20|c PAR | 400|wW/nr Rav (CO2)
lim/s €02 | 490|ppm Rlv (CO2)
COo2 | 732.1 mg/ms Inc. of Rlv (CO2)

= 619.3 for std. light and std. CO, condition

I .
280.0 s/m

174.3 s/m
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Y g b / S \_2" » ﬂ
2 R S T ¥ iR X pma -k (PAR)
I A z A ryJ —+ —
pR ‘j" A ’-" EY |1
1.00
0.90 ......0.....
@
0.80 ® ®
'.' G B l J- _Q_ - 2 e //44
0.70 ® 15 & e 1 (i& E'Tnb ) lmﬁ'{
@ 14
0.60
@ //’
® 0.50 o
0.40 GI : Light coefficient
030 Kl : Rate constant of irradiance, W/m?2
0.20 Ip : Photosynthetically active nrradiance, W/m?2
0.10 k& TE* 5 sdff 5t
0.00 ®
0 200 400 600 800 1000 1200 1400
PAR, W/m?2




1
0.9
0.8
0.7 G —I- - £ 1L 24
c Kc =3 it TrEk
0.6 | +
3 05 e
0.4 Ge : CO2 coefficient
03 Kc : Rate constant of COZ2 concentration, mg/m3
02 g pcc : CO2 concentration in chloroplast, mg/m3
0.1

0 500 1000 1500 2000 2500 3000
CO2 conc., pcc, mg/m3
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i r‘) ) ,.'.
,ﬁz ’ F] 'L m -
Temp. response constant = 10 —8— Temp. response constant=>5
1.200
1.000

0.800

Temp. coefficient, GTI
o
o
S

0.400
0.200
0.000
0 10 20 30 40 50
Leaf temp. TI,°C
Inputs Outputs
Leaf temp. O luLiEe Temp. response, Temp.
T, . °C temp. for Pn., A °C coefficient,
Tm’ °C GTI
20 25 5 0.91

B R G Hc
AT A\2(T R X —
G = ...([1+(l)*(_l,,,+(l)"—(1I-HI)
Ti (T111+(7)4

Gyy : Temperature coefficient
T} : Leaf temperature, °C
T, : Optimum leaf temperature for photosynthesis, “C

a : Temperature response constant, °C
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Pn simulation.xlsx
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Pn simulation.xlsx

| [ Assum] PhotoResnph Dark Respiration # " 1= ¢ (CO,) P=(B-sqrt(B*2-4AC))/ YA

7 hrmn | Kpr RdmgimiqRac  Rlc Rlc.inc  Rc Pm -B=Rho.c 4#Rc*Rho.ca’ B"2-4AC  Photosynthesis PhotoRes) Net PhotoS.
3 | (0.3333 ) 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0397
4 2 (0.3333 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0386
5 3 (0.3333 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0357
6 4/ 03333 -0.0340
7 5 0.3333 RESP - Rd * QlO((TI-ZO)/lO) -0.0301
ol (0.3333 dark 20 0.0547
5 =0.07 *2 ((T|'20)/10) 0.1725
10 (0.2948
11 280 186.67  631.67 1.292753 2040.589 2560823 1603180 (.6129985 (0.204333 0.3464
12 280 186.67 631.67 1415915 2118.387 2804796 1682765 (.6500043 (.216668 0.3667
13 280 186.67  631.67 1487097 2163.35 2045801 1734281 (.6699963 (.223332 0.3752
14 IR0 1RAAT AT AT T SSANTRE DINA KRS 3082326 1788013 (.6884314 0.229477 (.3818
15 ‘-f » 3065015 1780990 0.6861426  0.228714 0.3792
16 v - R ES P 2087311 1750217 0.6756955 (0.225232 0.3733
17 T ’1 dark 2751007 1664179 (0.6421138 0.214038 0.3531
18 k&) LY LW AY FEaTa Iy it W IR s w A B Dal.bs L3198 Ay 2614765 1619734 0.6214528 (0.207151 (0.3355
19 17/ 03333 00681 165 280 186.67  631.67 1.051041 1887.908 2082014 1482181 05307064  0.176902 0.2857
20 18/ 03333 00622 165 280 186.67  631.67 0572138 1585.401 1133352 1380143 03250178  (.108339 0.1545
21 19/ 03333 00589 165 158278 186.67 1934.44 0.043717 1308.569 265208 1447145 0.0272935 0.009098 -0.0407
22 0/ 03333 00565 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0565
73 21 03333 00531 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0331
24 22 03333 00495 165 1680 186.67 2031.67 0 1224 0 1493176 0 0 -(.0495
25 73 03333 0.0492 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0492
%6 24 03333 00488 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0488
27




. —— Pn simulation.xlsx

| | Assumy hotoRespPh Dark Respiration P=(B-sqrt(B"2-4AC))/2/A
7 hrmn |pr Rdmgim3:Rac  Rlc Rlc.inc Re Pm -B=Rho.c 4*Rc*Rho.ca’B*"2-4AC  Photosynthesi: PhotoResj Net PhotoS.
3 1| 03333 0.0397 165 1680  186.67 2031.67 0 149817¢ 0 0 -0.0397
4 7 0.3333 {II.{IEHE'n 165 1680  186.67 2031.67 776 0 0 -0.0386
o .67 2031.67 : 198176 0 0 -0.0357
;]6 /,\ ° ? (‘72" P .67 2097.67 . 198176 0 0 -0.0340
‘f’ 3\‘ "" .67 1983.06 0.012126 047 482210 0.0077119 0.002571 -0.0301
o Gl e e f 2 394138 0.1390097 0.046367 0.0547
Q 71 03333 00434 ly — a ] x —I— b . x —I— C 380003 0.3238413 0.107947 0.1725
10 gl 03333 00527 | | 472196 (0.5212878 (0.173763 (0.2948
11 g 03333 00622 | 1 603180 0.6129985 (0.204333 (0.3464
12 10/ 03333 0.0667 | 1 - b - \/b 2 _4‘ ac 1682765 0.6500043  0.216668 0.3667
13 11| 03333 00715 1X — 734281 06699963 (.223332 0.3752
14 12 03333 0.0771 1 | 7T8R013 0.6884314 0.229477 (.3818
15 13 03333 0.0782 & rerer——r oo e oo 180990 0.6861426 0.228714 0.3792
16 14/ 03333 0.0771 165 D80 180.67  6aL.07 1.508052 2176980 JORT311 1750217 0.6756955 (0.225232 0.3733
17 15/ 03333 0.0750 165 2800 186.67  631.67 1.388761 2101.234 2751007 1664179 0.6421138 (0.214038 (.3531
18 16 03333 O 0.207151 0.3355
19 17| 03333 QO RP 2 — (C T K T R P c) P T P scC =0 0.176502 0.2857
20 18] 0.3333 0.0622 165 280 18667 631.67 0572138 1585.401 1133352 1380143 03250178 (0.108339 0.1545
21 19 O. 2 009098 -0.0407
2 2 0p (Cq+Kc+R Psc) — (Cq+Kc+R Psc)?—4 R P Cq 0 00565
773 71 0. - 0 -0.0531
24 22 O 2 R 0 -0.0495
75 73 03333 00492 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0492
2% 24| 03333 00488 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -(.0488
27




vl v @ X RESP ...
RESP = Kpr * P Kpr = _Kpr.max/ Cstop * (Ca B Cstop)

photo

—@— KprC3 —@—KprC4

0.60

K
0.0 A pr.max

0.40

é— 0.30 Cstop

0.20

0.10

0.00 ® O
0 500 1000 1500 2000 2500

CO2 Conc mg/m3




%‘J.‘;E_,; ﬁ?ﬁ 1~ Jf'ﬁ’,}l; ppm 2> mg/m3

or = Ko max/ Cstop * (Cy - Corop) = -0.5/2352.7 * (Ca - 2352.7)]

\

N\
I

[ mg/m?3 = ppm * 44.01 / 22.4 * 273/(273%

Inputs \ / Outputs

Plant Type Temp. (°C) CO, conc. (ppm)\ CO, conc. (mg/m3) Kpr
C3 0 1000 1964.7 0.08
C3 0 .96 1200 2352.7 0
C3 20 1000 1830.6 0.11
C3 20 828 500 915.3 0.31
C3 10 1.8927 500 947.7 0.30
C3 0 500 982.4 0.29
C4 0 500 982.4 0

Density = M/(RT) = 44/(0.0821 * (273.15+Ta)



24| PF AR

A B C D E F G H | ] K L M N )
| |Assumptjon Pmax= 3.123136 Q10= 2 Rd(200)= 0.07 o= 440
2 lhemn TSC RH.%  Windm/s PAR M4 CO2.pom | PAR Win2 lIE}E.mgfnl Vps,gm3 Vs, g3 Vd.o/m3 IR]V. s/m Ravsin  Rlvinc I Tragimds
3 Il 118 01 2.3 0 400 0.00 TR [.38 10.52 0.57 1200 100 133 .66
4 2 114 02 2.1 0 400 0.00 TR 1.35 10.26 0.44 1200 100 133 0.57
5 3103 095 1.9 0 400 0.00 TR 1.25 0.57 9.09 1200 100 133 0.33
6 4 96 96 0.6 0 400 0.00 784 1.20 0.16 8.79 1200 140 133 0.25
7 50 101 07 2.6 0.01 400 2.78 784 1.24 0.45 0.17 1165 100 133 0.20
8 6 11.2 04 1.2 0.22 400 61.11 T84 1.33 10.13 .52 436 100 133 0.91
9 7 131 83 2.1 0.66 400 183.33 T84 1.51 11.41 0.47 200 100 133 447 1
10 B 159 68 2.2 1.66 400 461.11 T84 1.81 13.54 9.21 200 100 133 10.00
11 9 183 63 1.4 2.37 400 658.33 TR 2.10 15.63 .85 200 100 133 13.34
12 10 193 58 1.2 2.93 400 B13.89 TR 2.24 16.58 .62 200 100 133 16.07
13 11 203 48 2.3 3.09 400 B58.33 TR 2.38 17.58 844 200 100 133 21.10 1
14 12 214 43 2.7 3.27 400 90R.33 784 2.55 18.74 8.06 200 100 133 24.65 1
15 13 21.6 41 3.3 3.08 400 B55.56 784 258 18.96 1.77 200 100 133 25811
16 14 214 38 4 2.78 4000 77222 784 2.55 18.74 7.12 200 100 133 2681 1
17 15 21 45 4.4 2.05 400 56944 T84 249 18.31 8.24 200 100 133 23241
18 16/ 21.7 43 3.7 1.6 400 44444 T84 2.60 19.07 .15 200 100 133 2288 1
19 17 19.6 60 4 1.03 400 286.11 TR 2.28 16.87 10.12 200 100 133 1558
20 18] 183 68 4.1 0.37 400 102,78 TR 2.10 15.63 10.63 200 100 133 11.54
21 19 175 72 3.1 0.02 400 5.56 TR 2.00 14.90 10.73 1131 100 133 306
22 200 169 76 2.7 0 400 0.00 TR 1.93 14.38 10.93 1200 100 133 241
23 21 16 T 2.1 0 400 0.00 784 1.82 13.62 10.49 1200 100 133 2.19
24 22 15 8l 2.6 0 400 0.00 784 1.71 12.82 10.38 1200 100 133 1.70
25 23 149 82 2.2 0 400 0.00 T84 .69 12.74 10.45 1200 100 133 1.60
26 24| 14.8 83 2.5 0 400 0.00 T84 1.68 12.66 10.51 1200 100 133 1.50
27
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4 ¢ <

| |Assumption Pmax= 3.123136 Q1= 2 RA(20C)= 0.07 Ke= 44()
2 hremn TC RH.% Windm/s[VPDal PAR MIn:CO2ppm  PAR Wim2 CO2.mgin’ Vps.gm? Vds, g Vd.g/m3 Rlv, s/m Ravsm  Rlvincss Trimgimds C
3 1| 11.8 91 2.3 0.1246 0 400 0.00 T84 1.38 10.52 0.57 1200 100 133 0.66
4 2| 114 02 2.1 0.1078 0 400 0.00 T84 1.35 10.26 0.44 1200 100 133 0.57
100.00 7.5000
7000 —e—Transpiration 6.5000
£80.00
- RH 5.5000
§?o.oo VPDa
:geo - 4.5000
® a
£ 4
=50.00 3.5000 -
< a
% o
;40'00 2.5000 >
k=
%30.00
H —0 , 3.Transp. 1.5000
£20.00
|_
0.5000
10.00
0.00 -0.5000
4 8 12 16 20 24
Time (00:00~24:00)
25 23| 149 82 2.2 0.3050 0 400 0.00 T84 1.69 12,74 10.45 1200 100 133 1.60
26 24| 148 83 2.5 0.2862 0 400 0.00 T84 1.68 12.66 10.51 1200 100 133 1.50
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) @ Pn simulation.xlsx @

| | Assumy hotoRespPh Dark Respiration VFC P=(B-sqrt(B"2-4AC))/2/A

7 hrmn |pr Rd._ Lm.ifti[l; RIC I‘ilL.]ﬁ;._ it Pm -B=Rho.c 4#Rc*Rho.ca’ B"2-4AC  Photosynthesis PhotoRes) Net PhotoS.
3 | {II 3333 0.0 60.07 203167 0 1224 0 1498176 -0.0397
4 0 1224 0 1498176 0 -0.0386
5 “' 7'0 ﬁ; 7‘ P N 0 124 0 1493124 0 0 -0.0357
6 z 0 1224 198176 0 0 -0.0340
7 126 1248047 /5411 1482210 0.0077119  0.002571 -0.0301
ol 6 03333 00380 165 611 18667 96222 0.2332034 X9 703799 1394138 0.1390007  0.046367 0.0547
Q 71 03333 00434 165 280 186.67 3L t0 /51 1583893 1128624 1380093 (0.3238413 0.107947 0.1725
10 g 03333 00527 165 280 JSef L ~t51.67 1.025701 1871.90] 2031817 1472196 0.5212878 0.173763 0.2948
11 g 0333300622 163 631.67 1.292753 2040.589 2560823 1603180 (.6129985 ().204333 0.3464
12 0] 04 1.5 . N : 0. ' 0.3667
13 11 0. 7ID g n — 7'0 t ‘K? —'-‘ — E]: ek Fr — 7'0 ik 138 0.3752
14 12 {II.Z.._._._.. vav T ooy OO oo 0190 7o o S WSSV S AR VSN [ P TZZIFTT (.3818
15 13| 03333 {II.{];HE 61426 0.228714 0.3792
16 14| 03333 0.0771 P n —_ P - R ES P R ES P 56955 (0.225232 0.3733
17 15/ 03333 0.0750 . — dark _ phOtO 21138 0.214038 0.3531
18 16| 03333 00788 165 280 186.67 Eiiil.fﬁ? 1. 31[}[}84 2057.79 2&14;&5 1619734 0.6214528  0.207151 0.3355
19 17| 03333 00681 165 280 186.67  631.67 1.051041 1887.908 2082014 1482181 05307064  0.176902 0.2857
20 18| 03333 00622 165 280 186.67  631.67 0572138 1585.401 1133352 1380143 03250178  (.108339 0.1545
21 19/ 03333 00589 165 158278 186.67 1934.44 0.043717 1308.569 265208 1447145 0.0272935 0.009098 -0.0407
22 on/ 03333 00565 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0565
73 21| 03333 00531 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0331
24 22| 03333 0495 165 1680 186.67 2031.67 0 1224 0 1493176 0 0 -(.0495
25 23| 03333 0492 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0492
%6 24 03333 (00488 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0488
27
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[l ssor] PR i Pn simulation.xlsx ... P=(B-sart(BA-4AC)/YA
2 |hr:mn | Kpr Rdmgfm3:Rac Rlc Rlc.inc Rc Pm -B=Rho.c 4*Rc#*Rho.ca’B*2-4AC  Photosynthesis PhotoResjNet PhotoS.
3 | 1" 03333 0.0397 165 1680 186.67 2031.67 0 1224 0 1498176 0 0 -0.0397
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—&— Photosynthesis ~ —#—PhotoRespiration = —@—Dark Respiration =~ —@—Net Photosynthesis




Photosynthesis, Darkrespiration, Respiration,
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Pn simulation.xlsx
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