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Blue = absolute humidity, Yellow = solar radiation. The trend of the AH indicates 3 possible situations
regarding AH: input = output, input > output, and input < output.

Since solar radiation is the main driving force behind evaporation and greenhouse temperature, there
is a strong relationship with AH also depending on the ventilation strategy.
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TEROS 10
The new, ultra-robust TEROS 10 soil
moisture sensor delivers scientific accuracy

and reliability at a price that makes large
sensor networks economically practical.

+ Long-life soil moisture sensor

v Robust epoxy body means it lasts for
10+ years in the field

+ Easy integration with third-party

}
systems 'E iE

:‘ » »
EXPLORE TEROS 10 = /‘{; ’}»

VWConly & pl#
2 pins

TEROS 12

The all-new TEROS 12 soil moisture sensor
delivers an excellent price-to-performance
ratio in a device that is easy to use and
includes electrical conductivity.

+ Long-life soil moisture, temperature,
and EC sensor

v Increased volume of influence (1010
mL)

+ Robust, epoxy body for tough field
conditions

EXPLORE TEROS 12 —

VWC+T+EC
3 pins

The TEROS 11 delivers a large volume of
influence, reduced sensor-to-sensor
variability, and a near-bulletproof form

factor, which lasts up to 10 years in the
field.

+ Long-life soil moisture and
temperature sensor

+ Increased volume of influence (1010
mL)

+ Robust, epoxy body for tough field
conditions

EXPLORETEROS 11 —

VWC+T
3 pins
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SC-1 Leaf Porometer

Quick measurements. Easy-to-use
engineering. Low cost in the short and the

long run. The SC-1's breakthrough steady-

state technology makes it the best for
measuring stomatal conductance.

+ Easy stomatal conductance
measurements

v High speed results (readings in 30
seconds)

+ Straightforward calibration and no

moving parts

EXPLORE SC-1 LEAF POROMETER —

g

RET RZIEMRIL S ERERRE .

LI-600 R—MRFEMEMRILEENER,
AR R IRIGEE (PAM) & e, BRTH
AEFR—-ERFESNRILEEN, ETHER
FREY, LI-600 RETEHMATTRLEIE, (RELHT
RASTASNHIREEEGERE,

T HRBRER

LI-600
RILBEAERE/EHER

AAENERILEERERR a &7
FILFAOEHAMER EARK KRN RILTRZ K,
HARILER(gsw) RETRILBEMRILAREZEZR
FER. MLk, BERRERORR, SHENRMHEY
HRERGNEERBETREGHEMRNER. HER
FERETUEAUSNBEREINETHR BT EF
B (ETRIEFERCBFERNPQ LR EE A RILAR
FEERRHRFREER NREREAL.



gt = — Yt=Vs T Vb
Yt
-1
9s,” 1. 1 _ 1 1
1 9tw Is  9Gbl
bl —

The diffusive pathway can be divided into segments, each making
some contribution to the total conductance. Summing those
contributions follows Ohm's Law:

To get the stomatal contribution, some simplifying assumptions are
made:

- Intercellular resistance is smaill
- Cuticular resistance is large

1
Isw =T 1
Yt, Ybi,
glw: ¥ 7K A Y 8 3 i (total conductance to water

vapaor )
gaw: ¥ 7k Ak f169 2.9 55 AL (the one-sided stomatal
conductance to water vapor )

ghw : ¥} 7K 7 81,69 1% 5. /& & /E the one-sided boundary
layer conductance ) -
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Lots Growlcom Module Stomata sensor {} [ 5m | May 28, 2016 - May 30, 2016~
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0 P

28. Miv = 04.00 08 00 12.00 16.00 2000 N 19..uay‘ R 04.00 08.00 12:00 16:00 20.00 30. May .
@ = Name Device Fact Axis Min Max Avg Cursor
[[@ = temp greenhouse - °C T ) 1 < 168 — 92 22 -
& — plant: leaf tm\p oC 1 ¥ 16.4 30.6 22.0
| @ — oplont: PA 1 372.00 246.85
‘ — i sto 1! u ductivity - kg/kPa 10 S5, 56.99
27 = Ly 2 VAL 10 A 0.53
[—‘Lﬁl\ ]-E-)}'- ’ #‘ ‘/E“é 16_’5: %’« VA1 O 4 577. 131.85 B
° Bi: } 1 B EF e 2 X R v 2N 5
BF'&PAR B Bii%'{'t’ﬁkﬂ{—‘i—t H24F o 2R e84
W 7 -‘ﬂ’. v \w % tzg “‘ /T- \‘W = _—7 L‘l: :'. — \ y a2 /f' .
E e @_?;ﬂ@ FHRFER VAo MRS HHRE F I

. m v R g B F VA = 4t $/3.6/VPD

° ’}'E’J}’”VPD i"\rg ’ ﬁdb%}—iﬁ\“& o ]E ]:%_]\:1 &F_—r L——E ﬁ]‘?ft}r—'i]]}\ v}r:
7 VPDEA%F ,"»’2“%-/;?:» A%3 o 484 VPD > 1.5kPa 4 7 # 3
Bael B > 3 ke s (B VPD,,, =149) -




§3 MR = FicE $/36/VPD ~ Al

H i~ kg/kPa.mZ2.s

Qﬂ R S>x10
G & 4+ VPD x 10

l\-. " -
08.00 12:00 1600 20.00
M — Name Fact Axis Min Max Avg
- temp greenhouse - °C 1 <- 168 29.2 22.2
& =— plant: leaf temp - °C 1 < 16.4 30.6 22.0
] — plont: PAR - pmolim?3/s 1 > 100 1372.00 246.85
¢ =— [ calc stomata conductivity - kg/kPa.m?.s 10 -> 25.06 155.21 56.99
7 = | plant: VPD - kPa 10 < 0.24 1.49 0.53
M — | cak plant evaporation - g/m2.h 1 > 2396 | 577.41 131.85




FIVH R = ZHaE F/3.6/VPD

H = kg/kPa.m2.s

30

15(

558.75/3.6/1.0 = 155.21

- x10 ’

A,
teg§ > O

28. May 04 00 08 00 12 00 16 00 2000 29. Mi

d L

& 3 4T B AL (B VPD,;, = 0.24) o



Conductance vs. resistance
(diffusion)

Unit used for Unit used for

Conductance FSTE S Resistance FENTE

m*m?st{=ms?) sm?
[Mass of gas transferred per unit area per | [Inverse of conductance]
time]

mol m2 s m? s mol?
[moles of gas transferred per unit area per | [Inverse of conductance
time] Note: conversion factor from gas corresponding unit]
volume (m’) to amount (mol) is
temperature dependent.
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Figure 6.9.2.2-1A + B The effect of root zone temperature on nutrient uptake of tomato
seedlings. Tindall (1990)
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Figure 6.9.2-1 | he uptake of differént élements at différent pH lévels.
(Source: Truog, E. 1947. The Liming of Soils. In: USDA Yearbook of Agriculture 1943-1947. pp. 569-570.)
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Typical CO, response of C, photosynthesis

Effects of CO, concentration on net ”
photosynthetic rate of C; plants i |
m‘ M_ - at atiﬂn (:Q!Lce_ﬂﬂ'atiﬁﬂi gi 00 500 T000 1500
]000 - 3000 pm()l m()"l CO, concentration

[ pmol mol-! ]

CO, Compensation Point: ..
50 - 100 pmol mol! \
._
§ &7 {8t
CO, concentration (pmol mol-')

=t

Net Photosynthetic Rate (mol m? s)
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Effects of light intensity and CO, concentration on NPR

i\‘gi'%t kEHEF
% B
-3 “RUE

High CO, conc

Low CO, conc.

] {2 N
NPR can be enhanced either
by increasing PPF or
[ by Increasing CO,
Concentration.

\
.

<

Net photosynthetic rate (mol m? s°')

Light intensity (PPI)

PPFD
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Table 1

Application examples of different CO, enrichment technologies reported in scientific articles.

Enrichment Principle Crops Treatment/control Production effects of CO, References
technology enrichment
Compressed CO, Physical Lettuce 700/400 + 20 mol mol™! Higher growth rates; Pérez-Lopez etal., 2015
injection diffusion Enhanced antioxidant capacity
Injection & Physical Cucumber 400-500/285-300 mal mol-! average Increased frnit hiomass: Sanchez-Guerrero et al
Ventilation diffusion throughout the day slightly effect on leaf area index 2005
Biogas burning Chemical Rose 800~2500 mol mol™'/ Enhanced fresh mass of cut Jaffrin et al., 2003
reaction normal atmosphere flowers
Mixing baking soda Chemical Mostly mentioned in reviews Syed and Hachem, 2019
with acid ] reaction
i Biological Tomato 800-900 mol mol'l/ Increased nutritional and Zhangetal, 2014
activity not mentioned sensory quality
of fruits

SERPMA NI o T F Y T FOBEUR] » F] L At

ERE R e
P E T S § R A R S PR | RiTLR § T . . .
Arjfa A Ef : ﬁéfr;ﬁ ’x?ﬂ;?ﬁ; ;&f’é_i ?ié Cgr T ﬁ%;g%& https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9634482/
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ppm —[XCO2Kk FE phzk
1000
900
800
700
600
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400
300
200
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0
2024/4/27 12:00 2024/4/28 0:00 2024/4/28 12:00 2024/4/29 0:00 2024/4/29 12:00 2024/4/30 0:00 2024/4/30 12:00 2024/5/1 0:00
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CO, &% k&
AR 7 600-1000ppm g\ 800-1000ppm
. B 800-1000ppm PaEE = 700-1000ppm
H 3 600-1000ppm 3E3F 700-1000ppm
FEERK 700-1000ppm BBk 950ppm
0E 980-1150ppm & 706-16G0ppa- -~

L 7R pe-2g 52 800~1000 ppm %9 7
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Pk @ 4% (Bi4s) phfzZ

RS VE T R R S Y-S R
B/ § ook o F RS F R

B < gy o https://kknews.cc/agriculture/505re2l.html

NH,HCO, + HCL=====NH,CL + H,0 + CO,1
H,S0, + NH,HCO,==H,0 + CO,1 + NH,HSO, (¢4 ft & 4%i% & %)
H,S0, + 2NH,HCO,==2H,0 + 2CO,1 + (NH,),SO, (#-F1 fit i £ F¥)


https://kknews.cc/agriculture/5o5re2l.html

L E 4% (BU4R)

BERR 0 F RIBE PR GE A R R o

ﬁ:ﬁ*‘COz,ﬂi’ 7 o i ""\C02ff;' T A
COx% 2 B frCO BB A o = o & * Bi‘
pA A CO I A3t P A ks By
~ BCOf " i % 6 33T 3 3f > &
& A120% > 30 {S:E {7 #& o

R~ R o https.//kknews.cc/agricuIture/yon8qu.htm|

1*

AL E B B E 4 (] BRI FIE 4 AR
REA A Lok LG P


https://kknews.cc/agriculture/yon8pqb.html

L & 4% (B4%) #jziZ

s

NH,HCO;==+: #==NH;+H,0+CO,1
FRPL & 485697 18
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CO, Sensors (with T/RH)
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CO, snit-Js & &2 % | # (C3 ~ C4 17 4)
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* A practice widely
used in greenhouse
Fr ok % e in winter to
BF REEE enhance plant
growth in relatively
closed greenhouse

'
........
"""""""

* Sources include

bk J; 3

i f i combustion of
Y R E

® %R AL natural gas and

€0, liquid CO,
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Instantaneous response of leaf photosynthesis to high CO,

Photosyuthesis of lomato leaves as affected by PPF and CO. concentration
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Net rate of photosynthesis, pmol m=2 s°1

— N N
(&) o ()}

—
o

W
o

(&)

ppm CO,
—— 1150
y 750
. 400
5 250
Rosa x hybrida ‘Vanilla" at 25°C
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Photosynthesis is a diffusion of CO,
gas from the air to chloroplast.

SRETES

i‘,@i’}bﬂg_fl

:)f Rm ¥Fpoe Lk. fe_ 4
\] Resnstances for CO, diffusion (s m')
- Boundary layer resistance (R,)
- Stomatal resistance (R,)
- Mesophyll resistance (R,,,)
Driving force of CO, diffusion
Difference between C, and C,

© Boundary layer

L Stomata

O

WE i i
S
Ca  (Ca-Ce
A



Ci-Photosynthetic response curve
k& iEH AR WHE e FCOL

* Instead of using CO, conc. in the air, CO, response " . sy wins
Bl AT R P A R R® Y 3

curve (of photosynthesis) often employs CO, inthe . /.0
intercellular space (C)).

* C;can be estimated by measuring R, and R, based on

leaf transpiration rate (mass balance) and leaf o
temperature. P i .
* This approach is preferred in understanding : bl T
. . . . . R, concentration
physiology and photosynthetic limitation. ? e B EO
ER

* However use of CO, in the air as variable is preferred
in environmental control because C; is not directly
measurable.
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* Boundary layer resistance (value range: 10-100 s m'*")
— Wind velocity B R e
— Surface viscosity L
F

» Stomatal resistance (77-250 s m™* when open; 5000 s
m or greater when closed*) ++# Favpe 4

— Plant water status
— Light quality (blue light)
— CO, concentration
» Methophyll resistance (100 — 1000 s m™*™") F e

*Jones (1992); **Blerhuizen (1973), Hanan (1998)



CO, diffusion flux

(photosynthesis)

“Demand function”

Cc' —

CO, diffusion flux

(photosynthesis)

“"Demand function”

“Supply function”

Slope
= - (leaf conductance)

w - 1(ry+r,)
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* ACH: Air Change per hour
* ACM: Air Change per minute
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Figure 6.8.5-1 Assimilates balance: maximum use of light by controlling the CO2 - Light ratio
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Unit conversion

72 kg haTh
=72x10°mg /(10*mx36x10%s)=2 mgm2st
=72 x10° mg /(10% x 100 dm? x h) =72 mg dm h1
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CO2 g7 k& 48 & F= 4] &
R AT E g BATE & sxth 7 if ¢

Lettuce (cultivar Vivaldi) 35 % 4z #& 155 g/tx

17 350 0

6
16 5 420 70
15 4 480 130
14 3 630 280
13 2 820 470
12 1 1270 920
11 0 1600 1250
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, L xp A3t .
7‘5‘5_1_ = [ “\/—_—\»%EEF? JDE‘_ DLI COZ/}EJi
umol/m?/s hr:mn mol/m? ppm
200 16:40 12 1270
300 15:45 17 350

200 x 16.67 x 3.6 / 1000 = 12.00
300 x 15.75x 3.6 /1000 =17.01
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CO, = 350 ppm

DLI =17 mol/m?/day, % #4 tc 35 %

Btwm ok F 17 x 35 % =595 mol/m2.

DM= -1.886 + 0.0132(Accumulated light)
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DM = 0.045(FM)
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PPED DL DLI Co,
umol/m?/s | hr:mn | mol/m?2 ppm
200 16:40 12 1300
300 15:45 17 345
300 11:07 12 1300
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CO, & 3% g BE2
DLI 4517 mol/m? CO, # 345 # & % 1300 ppm
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CO, * 37 chrif2h3

P 3z & 709 DLI /24 17 mol/m?

*CO,# % 2= 1300 ppm, DLI # 12 '3 3 12 mol/m?

« TLI=DLI x DAS= 12 x 35 =420 mol/m? = 17 x 24.7
* BT EP ¥ 1 dg4e 35-24.7 = 8.3 days
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Leaf Photosynthetic rates
£k
Leaf transpiration rate
Leaf anatomical adaptation
1R

Canopy leaf area

Canopy water-use efficiency

Carbon partitioning among organs
k&R i

Branching, flowering and fruiting
AN SR = B

Increase in all plants on first exposure. Little Response
above 1000 ppm. 3 4v > 4251000 ppm % £ |- % 5

-!r“"f/

Decrease in all plants AR I "E M

Leaf area, weight per unit area, thickness increase in many
species. ﬁ\iﬁ\ﬁfi’.\iﬁﬁﬁ\@}ii\‘g{ﬁ
FIRE G A A

%—%g7}<?qu"' ;E_?\'_"i%'-{l‘:
Proportion of C going to roots and stems is increased in
many species. 2F 5 ﬁ A eI 2 el G i% 4p

Usually increases

Increases

Initiation and/or retention of these organs is increased in
many species b B AE B AR R A BN ch ) 4

Increases 32% on average between 300 and 660 ppm
(Acock and Allen, 1985)

Jk B d 3003 I 660 ppm - A it 3 4r 32%
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Mean percentage yield increase of CO,-enriched to
control crops reported in literatures (after Kimball, 1986)

Crop Mature crops |Immature
(marketable crops
yield) =#z¢ (biomass) 2+t
Rose 17-37% N/A
(n=24)
Tomato 14-20% 35-70%
(n=131) (n=24)
Lettuce 26-45% 24-129%
(n=54) (n=7)

n: number of reports
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