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Assessment of Plant Growth and Soil Properties of Extensive
Green Roof System for Rhododendron indicum Sweet
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Abstract. Recent urban concerns over environmental problems have furthered interest in green roof system.
Plant growth and load bearing capacity of an underlying roof are key factors to determine an optimal system.
This study was carried out to develop an optimal extensive green roof system for shrubs assessing the effects
of substrate type and soil depth on the growth of Rhododendron indicum Sweet. in the experimental systems
with different soil types and depths from 2001 to 2008. Substrate types of perlite alone and blended with
sandy loam (v/v, 1:1) were used on the experimental systems with depths of 30 cm, 45 cm, and 60 cm.
The survival rate of the plants on the perlite alone + 45 cm soil depth system (RS-A-45) was 100% during
the experimental period, while those on the perlite alone + 30 cm soil depth system (RS-A-30) and perlite
blended + 60 cm soil depth system (RS-B-60) showed 33% and 67%, respectively, in 2008. The overall
plant growth and soil properties of RS-A-45 were superior to the others. At 8 years after installation, the
total weight of RS-A-45 including plant fresh weight was about 376.6 kg-m'2 in field capacity indicating
RS-A-45 can be optimal extensive and light weight green roof system.

Additional key words: artificial substrate, load bearing capacity, perlite, soil depth, survival rate
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Fig. 1. The overall view of the experimental green roof systems
with different soil types and depths on the rooftop.

Table 1. Particle size distribution of perlite small grain and large
grain.

Particle size Distribution (weight, %)
(mm) Perlite small grain  Perlite large grain
> 5.60 0 0
3.35 - 5.60 1 9
1.70 - 3.35 41 80
0.85 - 1.70 27 9
0.50 - 0.85 7 1
< 0.50 24 1




Table 2. Extensive green roof systems with different soil types and depths used in the experiment.

Soil depth (cm)

System Soil type - -

Total Planting layer Drainage layer
RS-A-30 Perlite alone 30 25 5
RS-A-45 Perlite alone 45 40 5
RS-A-60 Perlite alone 60 55 5
RS-B-60 Perlite blended with sandy loam® (v/v, 1 : 1) 60 55 5

“Soil properties: pH = 5.7, organic carbon (Org.C) = 0 g-kg'1,
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Assessment of different extensive green roof systems
on a long-term basis

survival rate
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‘ Suggestion of an optimal extensive green roof system

Fig. 2. The assessment scheme to suggest an optimal extensive
green roof system.
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Table 3. Monthly precipitation at the experimental site from 2001 to 2008.

Precipitation (mm)

Month Average
2001 2002 2003 2004 2005 2006 2007 2008
Jan. 58.9 55.1 30.4 0.1 11.7 28.0 2.8 46.1 291
Feb. 80.0 8.6 57.5 78.0 43.6 30.8 60.7 9.0 46.0
Mar. 15.5 100.7 58.0 42.6 85.0 14.0 96.7 36.3 56.1
Apr. 48.5 152.1 235.5 129.8 102.2 140.0 35.8 68.5 1141
May 41.8 150.6 293.0 161.5 90.9 284.5 97.9 108.5 153.6
Jun. 3235 81.7 259.6 243.0 113.5 268.6 545 337.6 210.3
Jul. 266.6 300.0 481.0 229.5 273.6 630.9 2457 93.6 315.1
Aug. 137.1 760.1 343.0 348.5 297.3 106.6 507.0 100.4 325.0
Sep. 107.3 116.5 321.1 213.6 54.8 99.5 471.4 36.2 177.6
Oct. 82.6 52.1 10.0 12.2 9.0 39.5 96.5 35.2 421
Nov. 11.0 7.0 53.6 85.1 315 20.1 0.0 11.3 27.5
Dec. 435 32.6 8.5 311 0.6 11.5 325 29 20.4
Total 1216.3 1817.1 2151.2 1575.0 1113.7 1674.0 1701.5 885.6 1516.8
Source: Korea Meteorological Administration (www.kma.go.kr)
Table 4. Monthly mean temperature at the experimental site from 2001 to 2008.
Mean temperature (C)
Month Average
2001 2002 2003 2004 2005 2006 2007 2008
Jan. -0.7 23 -0.9 -0.2 -0.1 1.0 1.1 1.8 0.5
Feb. 23 3.1 3.3 3.6 1.2 2.1 4.3 1.1 2.6
Mar. 7.0 8.7 6.9 7.6 5.9 6.9 8.0 8.1 7.4
Apr. 13.1 14.1 13.4 13.6 13.8 12.3 12.5 13.8 13.3
May 18.8 17.5 17.7 18.2 18.2 17.7 18.7 18.2 18.1
Jun. 22.5 22.0 21.9 222 234 22.0 22.4 20.9 22.2
Jul. 26.5 254 22.9 26.9 25.8 242 24.7 27.3 255
Aug. 26.2 25.0 24.8 26.2 259 27.6 271 259 26.1
Sep. 214 20.9 22.4 21.9 229 20.2 22.2 22.9 21.9
Oct. 15.9 13.4 13.9 14.7 15.1 17.5 16.3 16.8 15.5
Nov. 6.5 5.3 10.3 9.0 8.2 9.6 7.4 8.6 8.1
Dec. 1.7 3.2 2.3 3.8 -0.8 2.3 34 25 2.3
Average 13.4 13.4 13.2 14.0 13.3 13.6 14.0 14.0 13.6
Source: Korea Meteorological Administration (www.kma.go.kr)
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Table 5. Annual survival rate of Rhododendron indicum Sweet. grown in different extensive green roof systems from 2001 to

2008.
Survival rate (%)

System Mar. 29, May 29, May 5, Jul. 19, Sep. 1, May 20, Apr. 17, Oct. 27,

2001 2002 2003 2004 2005 2006 2007 2008
RS-A-30 100 100 100 100 100 100 100 33
RS-A-45 100 100 100 100 100 100 100 100
RS-A-60 100 100 100 100 100 100 100 100
RS-B-60 100 100 100 100 100 100 100 67
Table 6. Plant height of Rhododendron indicum Sweet. grown in different extensive green roof systems from 2001 to 2008.

Plant height (cm)

System Mar. 29, May 29, May 5, Jul. 19, Sep. 1, May 20, Apr. 17, Oct. 27,
2001 2002 2003 2004 2005 2006 2007 2008
RS-A-30 31.8 & 35.0 a 35.0 ab 371 a 36.2 a 35.0 a 36.2 ab 35.3 ab
RS-A-45 33.6 a 353 a 36.3 a 376 a 37.0 a 35.8 a 36.8 a 36.8 a
RS-A-60 311 a 339 a 34.3 ab 35.0 ab 34.7 ab 34.7 a 35.4 ab 35.0 ab
RS-B-60 30.3 a 319 a 321 b 327 b 316 b 322 a 325 b 310 b

*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 7. Fresh weight and dry weight of Rhododendron indicum
Sweet. grown in different extensive green roof systems at
the beginning and the end of the experiment

Mar. 17, 2001 Nov. 4, 2008
System Fresh weight Fresh weight Dry weight
(©) (©) (9)
RS-A-30 182.4 a* 2156 a 143.1 a
RS-A-45 182.7 a 2406 a 140.0 a
RS-A-60 162.1 a 1994 a 116.9 a
RS-B-60 184.3 a 118.1 b 67.5 b

“Mean separation within columns by Duncan’s multiple range
test at P = 0.05.
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Table 8. Changes of physical properties of the soils used in different extensive green roof systemsover the experimental period.

Bulk density (g~cm'3)

Field capacity (v/v, %)

System

Mar. 17, 2001 Oct. 27, 2008 Mar. 17, 2001 Oct. 27, 2008
RS-A-30 0.15 b* 0.15 b 516 a 60.0 b
RS-A-45 0.15 b 0.17 b 516 a 66.2 a
RS-A-60 0.15 b 0.16 b 516 a 64.9 ab
RS-B-60 0.64 a 0.95 a 348 b 50.8 ¢

*Mean separation within columns by Duncan’s multiple range test at P = 0.05.

Table 9. Changes in pH, the amount of organic carbon (Org. C), total nitrogen (T-N), and available phosphorus (Av-P;0s) of the
soils used in different extensive green roof systems over the experimental period.

pH Org. C (%) T-N (%) Av-P20s5 (mg-kg'1)
System Mar. 17, Oct. 27, Mar. 17, Oct. 27, Mar. 17, Oct. 27, Mar. 17, Oct. 27,
2001 2008 2001 2008 2001 2008 2001 2008
RS-A-30 8.2 a 6.2 b 00 b 14 ¢ 0.0 a 0.5 a 2a 135 b
RS-A-45 8.2 a 58 c 00 b 40 a 0.0 a 03 b 2a 195 b
RS-A-60 8.2 a 6.0 bc 00 b 22 b 0.0 a 03 b 2a 125 b
RS-B-60 6.5 b 6.6 a 0.8 a 2.0 bc 0.1 a 03 b 2a 335 a

“Mean separation within columns by Duncan’s multiple range test at P = 0.05.
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Table 10. Changes in the amount of exchangeable cations (Ex-K, Ex-Ca, Ex-Mg) and exchangeable capacity (CEC) of the soils
used in different extensive green roof systemsover the experimental period.

Ex-K (cmol*-kg™) Ex-Ca (cmol’-

Ex-Mg (cmol*-kg™) CEC (cmol*-kg™)

System Mar. 17, Oct. 27, Mar. 17, Oct. 27, Mar. 17, Oct. 27, Mar. 17, Oct. 27,

2001 2008 2001 2008 2001 2008 2001 2008
RS-A-30 0.06 a 031 b 042 b 1.34 ¢ 0.08 a 027 b 09b 42 c
RS-A-45 0.06 a 0.45 a 042 b 3.71 a 0.08 a 0.83 a 09 b 114 a
RS-A-60 0.06 a 028 b 042 b 133 ¢ 0.08 a 020 b 09 b 48 c
RS-B-60 0.05 a 033 b 0.67 a 272 b 0.26 b 0.79 a 47 a 70b
*Mean separation within columns by Duncan’s multiple range test at P = 0.05.
Table 11. The weight of different extensive green roof systems at 8 years after installation.

Plant fresh wel ht Soil weight Field capacit Total weight

System (g-m?) ko) (gm?) (kg'm?)
RS-A-30 1.9 45.0 180.0 226.9
RS-A-45 2.2 76.5 297.9 376.6
RS-A-60 1.8 96.0 389.4 487.2
RS-B-60 1.1 570.0 304.8 875.9
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