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ABSTRACT

Interests of rooftop gardens are increasing to reduce urban heat island effects and
provide ecological space in cities. In this study, I tried to investigate irrigation
requirement, plant growth, temperature reduction effect, overwintering and
sustainability of pilot-scale rooftop wetland. Two wetland types, one with emerged
macrophytes and one with floating macrophytes were created and studied in order to
compare the efficiency when used in rooftop gardening. Chlorophyll contents, plant
growth, water temperature and other factors were monitored for a two years. Floating
plants (Eichhornia crassipes, Pistia stratiotes) grew rapidly, filling the surface
completely within a month, and kept growing fast that I needed to harvest half of the
plants for several times. In midsummer, the difference in average temperature between
water of wetlands and ambient rooftops were about 3 ° C indicating cooling effects of
wetlands. As the biomass of wetlands increased rapidly, evapotranspiration of plants
would be the reason of temperature drop. On the other hand, water level has reduced
much faster than expected. After the first growing season, we left rhizomes of plants
unharvested during winter and shoots emerged in spring and revegetated quickly
showing that the rooftop wetland could overwinter and sustainable. In conclusion,
overwintering ability, great temperature reduction, providing ecological green space
makes the rooftop wetland as a very good green area in the urbanized places. Also
each emerged and floating macrophyte type wetlands has own advantages for rooftop
wetland. Considering each advantages will help to select type of rooftop wetland for

future construction.



Keywords: Green roof, Constructed wetland, Temperature, Ecological services,

Urban heat island
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Table 1. Classification of rooftop greening by management type
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Table 2. Energy Saving Aspects of Roof Garden (3+=-7A47]&AT4)
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Figure 1. INTEX swimming pool to make a treatment tool
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AR Arre AR BAE AT AFA 2F
SdelA AyHPom, AEY FFE 4 Folth
'126° 534112, 33° 49611309 1% 8lm
71 3 5131 T( Table 3).

Table 3. The place where the experiment was conducted

Site Longitude Latitude

Altitude

1 126° 534112 33°496113
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Figure 3. Thermo orion

Figure 4. SPAD 502
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Figure 7. Left) floatin g plant, Right) emerged plant after to plant
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Figure 8. Nonirrigated Treatment Plants Natural Water Experiment
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7F 715 =

Table 4. Climate table of 2019 based on the data of Jeju weather station

Year Mean Temperature ~ Mean Precipitation Mean Sunlight
2019 164 C 1964 mm 5007 MJ/m’
2020 16.6 C 1414.5 mm 4462.71 MJ/m*
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Table S. pH Variation of Eichhornia crassipes

pH Jun Jul Aug
2019 3.54 3.89 3.95
2020 6.49 6.32 6.31
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Table 7. Soil Nitrate nitrogen

ZF
HA

H

Nitrate nitrogen (NO3™-N)

mg/kg

705.25
1759.75

2019
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mg/kg

2327.5
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Table 8. Soli Ammonia Nitrogen

Ammonia Nitrogen (NH4*-N) HEA|Zf CH|
2019 35235.5 meg/kg
2020 27 31776.75 mg/kg
2020 ™= 34041 mg/kg
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Figure 21. Growing in emerged plants from 2019 to 2020
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Table 9. Chlorophyll contents 2019

Date O AR 2 OMIL-F R
0502 46.37+0.84 513.8+0.59 40.95+0.97¢ 56.52+0.51°
0515 44.25+0.80° 53.46+0.74° 40.6+0.86"° 56.98+0.70°
0616 46.15+0.93° 59.63+0.65° 35.99+0.57°¢ 54.43+0.81°
0705 46.17+0.64° 51.44-£0.66° 35.78+0.79 " 49.48+0.65°
0819 44.06+0.87 51.09+0.92° 35.47+0.80° 50.96+1.172
0920 46.75+0.82° 52.93+0.86° 25.18+0.86° 49.14+0.76
1021 28.8+0.88" 56.82+1.48° Dead 62.4+1.55°
1115 41.52+0.89° 52.15%1.132 Dead 44.48+0.90
2019 dk= SPAD5S02 & AH&ste] AAHo = He=s SAT ol
BAANA ™ AF Tk FHFE AE7E FA4 @eokxlth. =3 10 HllA
1192 dof7b Afoleli= SPAD o A gro] Wshs A& = 5 dth
Table 10. Height of plant 2019
Date e L EAR Zroh ol B} A I o]
0502 16.01+0.77° 19.4+1.25¢ 27.31+1.98 37.32+1.88° 33.4+1.85%
0515 38.02+3.03¢ 62.7+1.51° 48.143.20% 53.15£2.51%  83.75+4.02°
0616 59.83+2.31° 77.56+2.43 68.53+3.36" 68.9+2.58 122+3.13°
0705 76.65+4.01° 130.77+2.31° 68.3+5.37¢ 144.24bv4.96>  187.4+5.32°
0819 100+4.63¢ 129.3+4.27° 146.1+6.31° 135.7+4.47° 182.1+7.55°
0920 71.743.55° 125.6+1.98" 141.4%5.25b 134.8+3.35b 179.9+5.97¢
1021 77.9+4.10° 101.5+4.65° 114.2+3.55° 102.7+4.12° 186.9+3.85°
1115 65.8+4.39¢ 106.9+2.43% Dead 97.6+4.73 165.5+8.76°

51
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ol H ko]
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pseudoacorus) A3 £ 58S Kol AS &

Table 11. Height of plant 2019(572 2] 71)

Month e Lt agE Zoj I FETE a1 goj
Apr 12.3+1.43¢ 17+2.01%¢ 24.1+1.46" 38.2+4.03° 31.6+3.68%
May 23.1+1.41° 30.9+1.07° 27.65+4.62° 33.3542.79° 30.9+4.42°

Jun 9.65+4.30" 23.8346.10° 13.745.69° 15.83+3.83° 23.83+8.46

FAAE T AF AYZAA HF glo]l SAAAES s Aotk JE AT
AT AEy o] AAst As mHstW A AFELE Zfolg)
AEES g = oo

Table 12. Chlorophyll contents 2019(5/* 2] )
Month P LRy E Zoj O FETE

Apr 36.7+2.70° 52.77+1.79° 32.27+2.79° 40.17+8.79°

May 43.35+7.64° 53.04+3.69° 5.46+5.46" 36.47+8.24°
Jun 19.88+8.9° 42.2+49.71° 17.95+6.01° 36.23+8.06
Jul 4.71+4.71 31.89+9.22% 15.34+5.19% 26.18+2.77*
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Table 13. Chlorophyll contents 2020

Date CHERR OpY = FEAF I
0403 34.71+£1.23° 41.74+1.30°
0425 36.73£1.77% 40.53+1.11*
0510 39.1£2.31° 41.58+4.96*
0527 46.57+5.89% 38.96+1.78*
0610 38.47+1.99% 39.53£1.66*
0708 35.43+1.902 37.18+2.01*
0807 35.2+£2.56* 26.01+2.87°

* [ris ensata var. spontanea Thunb, Phragmites communis is dead

Table 14. Height of plant 2020

Date LHEFEL oYL A
0403 62.9+3.68* 48.9+2.20° 35.5+1.80°
0425 98.5+1.18* 71.141.78° 77.1+1.45¢
0510 107.2+2.31* 88.5+4.96° 106+5.322
0527 110.9+4.20* 96.9+2.71° 116.2+2.96*
0610 118.2+7.84# 102.4+2.56° 132.5+£3.902
0708 132.6£3.11° 106.2+2.11° 133.8+3.15°
0807 126.9+£3.14* 107+2.57° 128.2+3.97*

* [ris ensata var. spontanea Thunb, Phragmites communis is dead
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