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Figure 3.2-1 Relationship between photosynthesis, CO:z, and temperature

Source: Intelligrow: a component-based climate control system for decreasing greenhouse energy consumption.

Aaslyng,-J-M:; Ehler,-N; Karlsen,-P; Rosenqvist,-E. Acta-Horticulturae. 1999; (507): 35-41
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Figure 3.2-2 Relationship between photosynthesis, CO:, and light
Source: http:/www.egbeck.de/skripten/12/bs12.htm
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Figure 3.2-3 Relationship between stomatal conductance, temperature, and relative humidity.
Source: The effect of some environmental factors on the movements of guard cells.

WILSON,-C-C. Plant-Physiol. 1948; 23: 5-37
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Blue light stimulates H' - ATPase proton pumps
3 tential needed for guard

C d sugar. As a result, water enters
by osmosis via aquaporin channels. The water-swollen
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guard cells separate, opening the pore

i

Open stomate
Al night or under conditions of water stress that
stimulate ABA production, K° and other solutes
exit guard cells. This causes water 1o leave

A stomate in the process of closing deflating guard cells and closing the pore

(b) The process of stomate closing
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Transpiration rate: 200 mg m? s
Therefore,

. -y iy
Latent heat loss: AL @ Rb
200x 10°kgm?s' X243 MJkg' <
=486 Jm?s'=486 Wm? (’%E%L)
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Rh: Boundary layer resistance

F g l" TR:
4 J4 I'ranspiration
o fate

Rl"\' + R\'“

Tr  :Transpiration rate, mg/im?2s)

R\Z Stomatal resistance

El  :Water vapor density in the airspace 1 stomata, mg/m?
Ea  :Water vapor density in the air, mg/m?

Rly  :Stomatal reistance, s/m

Rav :Aerodynamic resistance. 3/m

R = Ris+ Ry (Equation 7-2)
Rrs : Stomatal resistance changed by irradiance, s/m

Rve : Increaze bazed on CO2 concentration. a/m
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4 Def.. — O X
R Default values used
lv
Ti (deg.C) 20
4. Figure showing RIv at various PAR (W/m#2) — O X RHi (%) 40
Tleaf (deg.C) 20
e :
1400 . : . Wind (m/s) 1
PAR (Wim2)
= Crop Type: high ; ; 400{
@ 4o00td 00| === Crop Type: std. | | CO2 (ppm) 400
g ' — — — Crop Type: low rad.Type: high | std | low 2
:‘E CO2 Type: std | low 1
g 1000 1 Values derived
o
o Sat. vP of air (kPa) 23
ﬂ:-; 800 1 Vap. density of air (mg/m3) 6909.8
- Sat. vP of leaf (kPa) 23
§ 600 - Vap. density of leaf (mg/m3) 17274.4
"% VDD_leaf-air (mg/m3) 10364.6
© 400 1 Rav=f(Wind) (s/m) 100
g . Riv=f(PAR, radType) 200
g 200 oo PAR = QO WM . - Riv.inc=f(CO2,CO2type) 124.24
a Rv=Rav+RIv+Rlv.inc 424 24
0 , X ) ) K , , Tr rate (mg/m2/s) =VDD/Rv | 2443
0 100 200 300 400 500 600 700 800 Tables of VPD, VDD, Tr =f(T, RH)
PAR, W? Quit




If radType == % high
radU=1400; radL=300;

elseif radType == % std
radU=1200; radL=200;

else % low
radU=1000; radL=100;

end

If PAR > 80

Rlv =radL;
else

Rlv = radU — PAR * (radU-radL) / 80;
end
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R 4 Def.. — O X
Iv.in Default values used
4 Figure of Rlv.inc at two crop type and CO 2 — O X Ti(deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
4% T T L T L] T
% Wind (m/s) 1
- Crop Type: std.
DN 4% i 'CI'Op TYW, IUW . Frmr=mr=mi=ma=ma== =9 pAR ﬁVlm) 400
O P C02 (ppm) 400)
S 350t . 1 rad.Type: high | std | low 2
) ,
8 x < CO2 Type: std | low 1
8 300 P 1 Values derived
S o5l Jrid ] Sat. vP of air (kPa) 23
2 a Vap. density of air (mg/m3)  6909.8
5]
S 200} d Sat. vP of leaf (kPa) 23
g e Vap. density of leaf (mg/m3) 17274.4
150 i 1 ; -
2 CO2 = 731.3 mgim3="400 ppm @ 20°C VDD_leaf-air (mg/m3) | 10364.6
= 100 Rlv.inc =124.24 sim Rav=f(Wind) (s/m) 100
. y ]
= L’ Riv=f(PAR, radType) 200
S .
€ 50t " 4 | Riv.inc=f(CO2,CO2type) 124.24
& ,” Rv=Rav+RIv+Rlv.inc 42424
= 0 k . > L . > Tr rate (mg/m2/s) =VDD/Rv | 2443
0 500 1000 1500 2000 2500 3000 ' Tables of VPD, VDD, Tr =f(T, RH)
CO2 concentration, mg!m3 Quit
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. , if Wind >= 1
Rav 3§ ?l\ /él F——E'— 4 Rav=100;
else
4. Figure showing Rav at various wind velocity (m/s) Rav=200-(Wind*100) ;
end
300 T T T
E 250t ]
w
>
e
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4 Def... — [l X
Default values used

Ti(deg.C) 20
RHi (%) 40
Tleaf (deg.C) 20
Wind (m/s) 1
PAR (W/m2) 400
CO2 (ppm) 400
rad.Type: high | std | low 2
CO2 Type: std | low 1
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
Rav=f(Wind) (s/m) 100
Riv=f(PAR, radType) 200
Riv.inc=f(CO2,CO2type) 12424
Rv=Rav+Rlv+Rlv.inc 42424
Tr rate (mg/m2/s) =VDD/Rv | 24.43

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

Quit
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Al b~ £E  COMER

v.total - Rav + RIv + RIv.inc

-

R = 424.5 for std.,, light and std. CO, condition

v.total

Tr=10364.63/424.5 = 24.42

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.

Plant Type (Light) Std. V| Temp. ’C Ip W/m: Rav 100.0 s/m
Plant Type (CO2) |Std. v W ln/s €02 | 490 ppm Ry 20000) < /m
RH 40]g co2 | 732.1 mg/m? Inc. of Rlv 124.5 s/m Tr 24.42 mg/(nrs)

CO2 density at 20°C, d=m/RT = 44/(0.082 x (273.15+20)) = 1.83 kg/m?
732.1/400 = 1.83




B8R T vapor ik M ey Jb R4

assuming RH=40% VD 40%RH 6.91
assuming Tl=Tair VD 100%RH 17.27 Vps 2.34
as shown in Chap.7  VDD= 10.36 g/m3
10364.63 mg/m3
low std high due to light
Tr=VDD/RY in ¢/m3*m/s Due to CO2: low 31.94 24.4) 19.76
=g/m2/s  Due to CO2: std 39.52 28.61 22.4)
due to Wind 1|due to light low std high
Rav 100 Rlv Rlv Rlv
Rac 165 100 200 300
Rlc Rlc Rlc
140 280 420
due to CO. Rlc.nc. Rc=sum of Rac, Rlc, Rlc.inc, in s/m
std 174.31 479.31 619.31 759.31
low 87.15 392.15 532.15 672.15
Rlv.inc. Rv=sum of Rav, Rlv, Rlv.inc, in s/m
std 124.51 324.5 424.5 524.5
low 62.25 262.25 362.25 462.25




Z] Resistance of vapor leaving and COZ entering the stomata — []

Rav —-—— Rv Riv.inc —&— Rv|]—&— Re ‘
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Crop type: std. (PAR) & std. (CO )
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Rlv.CO2 low std high due to light
Due to CO2: low 140 280 420
Due to CO2: std 140 280 420
Rav.CQ2 | 165] |
Rlv.inc.CO2 low std high due to light
Due to CO2: low &7.2 &7.2 &7.2
Due to CO2: std 174.3 | 1743 | 1743
R.total low std high due to light
Due to CO2: low 392.2 5322 6722
Due to CO2: std 479.3 619.3 7593




R

c.total

Plant Type (Light)
Plant Type (CO2)

£ $CO,i& »

G

C

C

Std. v
Std. v

Temp.

Wind

Rac

Rlc.inc =1.4 * Rlv.inc

R

D A q

}FJ

=1.65 * R,
R.=1.4*R,

c.total

_R +R|C+R|C

L fe 4

Inc

P = (Ca - Cc) / Rc.total

1

400 | W/nt

400 | ppm

72 A L mg/m3

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

20("

Rav (CO2) 165.0 s/m
Rlv (CO2) 280.0 s/m

Inc. of Rlv (CO2) [ 174.3 s/m



'Z] Resistance of vapor leaving and COZ entering the stomata — L]

| | | |
Rac ——-— Ric Ric.inc|—&— Rv|—&— Re¢
- Crop type: std. (PAR) & std. (CO z)
% 2500 . . : .
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Net Photosynthetic Rate (P)

)

N

~
N

Ca-Cc Ca-Cc

R Ra+ Rs+ Rm

P decreases with increasing R, |
at a constant (C,-C,).

Total resistance (R =R, + R, + R}
M
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Figure 3.5.6-1 Stomata open - low VPD
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Figure 3.5.6-2 Stomata more closed - higher VPD

More closed stomata result in a
higher VPD
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Figure 3.4-1 Energy balance of a single leaf under solar radiation
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Figure 3.4.3-1 Heat emission from the crop towards a colder greenhouse cover
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Figure 3.4.3.1-1 Heat emission affects all three plant balances
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Figure 3.4.4-1 Energy balance in case leaf temperature is higher than air temperature




Figure 3.4.4-2 Energy balance in case leaf temperature is lower than air temperature
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Figure 3.5.1-1 Energy balance of the plant and evaporation
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3.5.5.1 Evaporation energy = radiation energy + convection energy

Figure 3.5.5.1-1 Both radiation and convection contribute to evaporation
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3.5.5.2 Evaporation energy = radiation energy - convection energy

Figure 3.5.5.2-1 Energy released by convection decreases total evaporation
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Figure 3.2-1 Relationship between photosynthesis, COz, and temperature
Source: Intelligrow: a component-based climate control system for decreasing greenhouse energy consumption.
Aaslyng,-J-M; Ehler,-N; Karlsen,-P; Rosenqvist,-E. Acta-Horticulturae. 1999; (507): 35-41
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Figure 3.6.3-3B Gross CO: absorption, PAR level, temperature and CO: concentration for tomato

(for a total crop).

Source: Journal of Horticultural Science & Biotechnology (2009) 84 (2) 233 - 239.
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Figure 3.6.6-1 Relationship between photosynthesis and light intensity in relation to the position of the leave in a rose
crop ( Cultivar = Temptation) from top to bottom. Source: Plant Dynamics report “Korte slagbelichting bij Roos” 2005.
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This graph shows that

under diffuse light (Red
and Yellow lines) the
leaves in the middle of
the crop receive more
light than under direct
light (Blue line). The LAl
on the X-axis indicates
the height of the leaves
in the crop: at the top
LAl = O, at the bottom
LAl = 5.
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This graph shows that
the leaves (in the middle
of the crop) in the green-
house with diffuse light
(Red = haze factor 71 %
and Yellow = haze factor
45 %), realize higher
photosynthesis than the
leaves in the reference
greenhouse with direct
light (Blue). Under the
diffuse light, the middle
leaves of the crop
contain more chlorophyll
because they receive
more light (graph above).
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Figure 3.6.8-1 Assimilates balance: vertical temperature profile affects plant architecture and plant load

T3 f g7 o
T'-T'op }% = :‘_j_:’ﬁ /.t‘?_ }i
VAN = 55
=]
BRI
T -MIDDLE

F
,,!k
o

R
|t




b ivd BB 0 AR E(E )
il FMHe AT E 7 (plant load)

Figure 3.6.7-2 Assimilates balance: plant load (red) based on the long-term average light sum (yellow)
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RTR: Ratio Temperature to
Radiation

Figure 3.6.9-1 Plant balance as a result of the Ratio Temperature to Radiation (RTR)
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Principle 1
Maximizing assimi-
lates production with
PAR, CO:z and RH

Principle 2
Optimize LUE by low
sink size

Principle 3
Monitoring RTR
(Ratio of Temperatu-
re to Radiation) on a
daily basis

Principle 4
Monitoring light sum
and plant load year-
round

Principle 5
Controlling plant load
and distribution of
assimilates by the
vertical temperature
profile

| @‘ |

Figure 3.6.3-4

For maximum
growth, focus on

the production side. .
With increasing
radiation, ventilati-
on strategy is more
based on humidity
and CO: than on low
temperature.

Figure 3.6.7-1

For maximum light
use efficiency (LUE),
consumption of
assimilates maintain
a low plant load (sink
size), so balance is
created by a low ven-
tilation rate resulting
in high COz, humidity
and temperature

Figure 6.8.2-1

Figure 6.8.3-1B

Balance can be

achieved by planning
a “low" plant load
year round based on
the long-term light
sum. The result is a
better light efficiency
(principles 1 and 2) in
combination with a
healthy and resilient
crop.

Figure 3.6.8-1

A low plant load

is the result of the
temperature of

the fruits or flower
buds being high. It
is influenced by the
RTR and the vertical
temperature profile
of the crop. Regular
crop management is
also essential.




Principle 1
Maximizing assimi-
lates production with
PAR, CO: and RH

For maximum
growth, focus on

' the production side. .

With increasing
radiation, ventilati-
on strategy is more
based on humidity
and CO: than on low

temperature.




Principle 2

Optimize LUE by low

sink size

o

For maximum light

- use efficiency (LUE),

consumption of
assimilates maintain
a low plant load (sink
size), so balance is
created by a low ven-
tilation rate resulting
in high CO:z, humidity
and temperature
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Principle 3
Monitoring RTR
(Ratio of Temperatu-
re to Radiation) on a
daily basis

Y

Yy MY
‘\‘D "‘ '

RTR



Principle 4
Monitoring light sum
and plant load year-
round

- Balance can be
. achieved by planning
a “low” plant load
year round based on
the long-term light
sum. The result is a
better light efficiency
" (principles 1 and 2) in
- combination with a
healthy and resilient
l crop.
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Principle 5
Controlling plant load
and distribution of
assimilates by the
vertical temperature
profile

A low plant load

is the result of the
| temperature of
| the fruits or flower
buds being high. It
is influenced by the
RTR and the vertical
temperature profile
of the crop. Regular
' crop management is
' also essential.
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