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The Analysis of Instantaneous CO, Uptake and Evapotranspiration of

Herbaceous Plants for Artificial Roof Greening'
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ABSTRACT

The purpose of this study is to demonstrate the positive effects of artificial ground greening on the reduction
of carbon dioxide (CO,) which can help improve ecological functions in cities and mitigation of climate change,
through quantifying CO, uptake and evapotranspiration by the process of photosynthesis of some plants.
Experiment of CO; uptake and evapotranspiration was conducted by measurement of CO, exchange rate using
the infrared gas analyzer, for 7 month, growing season from May to November 2009, 2 times a month. The result
was as follows; The CO, uptake quantity per cu’ of Chrysanthemum zawadskii was the highest rate at
21.47x10°g/cni/s and Poa pratensis was 16.20 gx10°°g/cii/s. The stronger was light of intensity, the higher were
CO: uptake rate of most plants. In quantity of evapotranspiration, Poa pratensis was the highest rate at
8.75x10”g/cri/s and Aquilegia buergariana was 8.66x 107 g/cii/s. From this study, it is confirmed that artificial
ground greening has capacity of absorption CO, and effects on improving urban microclimate.
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Sub topic Scope

Details

Selecting experiment plants

- Investigation of popular herbaceous plants in Green roof
- Reviewing of 80 green roof site

Experiment Leaf of plant

- Measurement of CO2 uptake quantity

Conversion into area Planting area

: Measurement of evapotranspiration
- Converted to unit arca of CO: Uptake and evapotranspiration
- Quantification of CO: uptake and evapotranspiration by 7 plants
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M2l of7io] 9xyl 9ot Ry zA A b 4] AFS @] dolE T dolM COE FUIRS o
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Table 2. Average Volume and Growth Condition of plants
Volume Leaf area
v ’ Standards of
Scientific name Height(cm) Width(cm) Cubic . AVF’ rage Of elﬁi\r{:r?f:f (;afer gzialirfgiffigsz? specification
volume(cm) : leaf area(cr) individual (ci)
Chrysanthemum zawadskii ~ 10.4+1.673  15.0£1.581  1766.6 3.77 21.1 79.17
Aquilegia buergariana 9.3+1.396  14.4+0.547 1384.3 16.53 18.6 307.46
Aster koraiensis 10.6+£1.516  14.0+0.707 1692.1 20.29 15.6 316.52 12¢m pot
Hosta longipes 8.8+0.836  13.0£1.140 12315 20.41 15.5 31635
Ajuga multiflora 8.4£0.961 17.5£1341 14139 18.87 28.0 52836
Sedum kamtschaticum 11.64£2.073  14.6£1.140  2119.1 5.37 223 119.75 L0x Loc
Poa pratensis 11.0+£1.923 10*10 1200.0 2.11 598.2 1266.02
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Table 3. Specification of Experiment

Specification of experiment

COz density

-1
(CO» Mixer 6400-01) 400umolmol

Light intensity 0, 500, 1000, 2000,
(LED light source 6400-02B) 3000, 4000 pmol-m'/s

Temperature of leaf 25C

Velocity 500umol/sec

AEHE COFT ¥ S8 &4 A] FE= 0, 500,
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Z9lgre B oi7|Ate o] HEeF QAN 4004 molmol™
2ol o F42 500y mols2 1ste] HA3ct
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Figure 1. CO, Uptake quantity change by value of illumination
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Table 4. CO; uptake quantity per 1ow of each plant by value of illuminance

Value of
illumination(tux)

Uptake quantity(g/cu/s)

Value of illumination{lux) Uptake quantity(g/cni/s)

a. Chrysanthemum zawadskii

- b. Sedum kamtschaticum

0 0.307%10° + 0.563x10° 0 0.953x10° + 0.126x10°
35,000 9.047x10° + 0.881x10°° 35,000 1.678x10° + 0.693x10°
72,000 12.861x10° + 1.632x10 72,000 2.174x10™ + 0.708x10°
100,000 18.883x10° + 0.476x10° 100,000 2.508x10° £ 0.614x10°®
150,000 21.470x10° + 0.202x10° 150,000 2.538x10° + 0.512x10°
c. Aquilegia buergariona d. Aster koraiensis Nakai
0 0.119x10° £ 1.123x10° 0 0.323x10° + 0.078x10°
15,000 0.329%10° = 1.030x10° 15,000 4363x10° + 1.279x10°°
35,000 4.204x10° + 0.439x10° 35,000 4.570x10° £ 1.327x10°
72,000 5.320x10°® £ 0.573x10° 72,000 4.853%10° £ 1.435x10°
100,000 5.778x10° £ 1.305x10°° 100,000 4.661x10° + 0.963x10°
150,000 12.740%10° + 3.021x10° 150,000 7.480x10° + 0.318x10°°
e. Hosta longipes f. Ajuga multiflora
0 -3.704x10° + 2.768x10° 0 0.092x10° + 0.327x10°
15,000 3.424x10° + 2.119x10°° 15,000 3.168x10°° + 0.847x10°
35,000 1.795%10° + 0.294x10°° 35,000 4.240%10° + 0.807x10°
72,000 2.969x10°° + 0.787x10° 72,000 6.489x10° £ 0.743x10°
100,000 3.167x10° £ 0.599x10°° 100,000 5.552x10°° £ 1.038x10°
150,000 5.973x10° + 2.384x10° 150,000 4.732x10° + 1.098x10°°
g. Poa pratensis
0 4.610x10° + 0.037x10°
15,000 5.988%10° £ 0.658x10°
35,000 9.198x10° + 1.278x10°
72,000 12.60%10°° + 0.455%10°
100,000 15.47x10° = 0.802x10°
150,000 16.20x10° + 1.045x10°
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Figure 2. Comparison of CO; uptake quantity change
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Figure 3. Evapotranspiration quantity change by value of illumination
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Figure 4. Comparison of evapotranspiration quantity
change
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Table 5. Quantity of evapotranspiration per lcr of each plant by value of illuminance

150,000 8.750x10° + 1.087x10°

illur?lfiat;l;?oz(flux) Evapotranspiration quantity(g/cii/s) illun\l/ij:tﬁi:os(flux) Evapotranspiration quantity(g/cn/s)
a. Chrysanthemum zawadskii b. Sedum kamtschaticum
0 4.817x10° + 1.486x10° 0 1.96x10° + 0.232x10°
35,000 3.239x10° & 0.226%10° 35,000 2.54x10° + 0.498x10°
72,000 4.606x10° + 0.427x10° 72,000 281107 + 0.514x10°
100,000 7.225%10° £ 0.320x10° 100,000 2.97x10% + 0.265%10°
150,000 8.581x10° + 0.202x107° 150,000 3.04x10° £ 0.389x10°
_¢. Aquilegia buergariana d. Aster koraiensis Nakai
0 3.929x10% £ 1.239x10° 0 1.383x10° £ 0.241x107
15,000 4.194x10% = 1.135%107 15,000 1.487x10° + 0.287x10°
35,000 2.516x107 + 1.013x10° 35,000 1.664x10° + 0.338x107
72,000 2.644x10° + 1.178x107 72,000 1.905%10° £ 0.427x10°
100,000 3.027x10° £ 1.769x10° 100,000 2.029x10% + 0.019x10°
150,000 8.662x107 + 1.895x107 150,000 2.778%10° + 0.476x10°
e. Hosta longipes f. Ajuga multiflora
0 1.430x10° £ 0.315%10° 0 2.247x10° + 1.844x10°
15,000 2.472x10° £+ 1.396x10° 15,000 1.682x10° £ 0.447x10°
35,000 2.578%10° + 1.379%107 35,000 2.22x10° + 0.452%10°
72,000 3.233x10° + 1.414x10° 72,000 3.230x10° £ 0.317x10°
100,000 2.158x107 + 0.318x107 100,000 3.122x10° + 0.806x107
150,000 2.158x107 + 1.563x10°7 150,000 2.656x107 + 0.675x10°7
g Poa pratensis

0 3.316x10° + 0.494x10°

15,000 4.750x10° £ 0.282x10°

35,000 5.703x10° + 1.083x10°

72,000 7.650%10° + 0.801x10°

100,000 8.405x10° £ 0.113x%10°
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Table 6. Quantity of CO, Uptake and Evapotranspiration per Unit area of planting

Leaf area COzuptake (150,000 lux) Evapotranspiration (150,000 lux) Standards

Scientific name Per pot  per unit leaf  per pot gf:ernu:l(::) ¢ per unit leaf  per pot gf;rnuﬁ::)f pl:rtllt(ilng

(c) area(g/ar/s)  (g/pot/s) area(g/m's) area(g/cii/s)  (g/pot/s) arca(g/m/s)  intensity
Chrysanthemum zawadskii 7917  21.47x10°  0.0017 0.0680  8.58x10° 0.0068  0.2717
Aquilegia buergariana 307.46 12.74x10°  0.0039 0.1567 8.66x10°  0.0266 1.0653

Aster koraiensis Nakai 31652 7.480x10° 00023 00947  278x10° 00088 03517 120 po,

Hosta longipes 31635 5972x10° 00019 00756  216x10° 00068 02731 . .

Ajuga multiflora 52836 4.733x10°  0.0025  0.1000  2.66x10° 00140  0.5613 po

Sedum kamtschaticum 119.75  2.537x10°  0.0003  0.0122  3.04x10°  0.0036  0.1456
Poa pratensis 1266 16.20x10° 00205  0.8205  8.75x10° 0.1108  4.4310

FAHAZ) 0.8205g/ /s 2 71w Bawks Wtk 1

202 UPEZR 0.1567g/utls, OFE7} 0.1000g/mfs, B
Aul3 0.0947g/nt/s, H]H]Z 0.0756g/mls, TEZ 0.0680g/
m’/s, 71H % 0.0122g/cnt/s £ 0.2 Lehygth Ad&x] 2
HEE 1 B 4 €O, E4IE Ao ekt 7
422 dRsle] el 23450 A9 APSH S
W poth A7} o} A& AR FRAL BS 2
o), AA A = A S A T g COErH
W SEARFE AP S7HE 4 o sgEd.

COE5F SA "RI7HAE w* & 4029 7|28 3
&3t gt ¢ SRS A7 ERag a0
4431g/m/s2 7P WA, tiREEE 1.0653g/m/s, b7t
0.5613g/m’/s, ‘B W u|F 0.3517g/m¥/s, B]H|3 0.2731g/nt/s,
FAZ 0.2717g/ifs, 7)™ 2 0.1456g/ni/s 0.2 A
epttt AE 7| &2 28 A(Poa pratensis)= QAR 7} G2
AlotQl RHAF YR qol A go] AMEEE Fo|th.
Y SR} ol Ao #ut ofuje} $hY whAzA| e}
ARAHNM = B HH3] =H avtaoz ol
2 7 ek B3] o] A 3jEHo| Fon B S48y}
HED WA, iR £2 Adzidoelt. Agy) E5
J 20 Sagewdt FHARFS o2 A4 Z b))
FHHELE 5t AH7IEF L9 FS Aoz
gk HAske] TR 2Rtk /IYAE F= )7t gt
70 sHARE Zh e 7)EA R g 83kE A Eo|ER
=3 Aol e a7 Ey AES AR 58 g
sto] Z=QJsfjor 3 Flo|thLee et al, 2004).
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