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Abstract

Vertical Greening Systems (VGS) are a key strategy for enhancing urban sustainability, yet harsh environmental
conditions such as drought, threaten their long-term survival. This study aimed to develop resilient vegetated sound
barriers by quantitatively evaluating the performance of nine plant species within a novel panel system featuring
enhanced water retention capabilities. An extreme drought stress experiment was conducted under no-irrigation
conditions for 110 days, from August 5 to November 19, 2024, to compare plant growth in an enhanced-performance test
panel against a standard control panel. Plant resilience was assessed using two key non-destructive indicators: survival
rate and chlorophyll content (SPAD). The results demonstrated the superior performance of the test panel. Zigustrum
sinense ‘Variegatum', Fuonymus japonicus ‘Aureomarginatus’, and Jasminum nudiflorum planted in the test plot
exhibited a 100% survival rate, whereas only L. sinense ‘Variegatum’ survived in the control plot. These drought-tolerant
species maintained stable chlorophyll levels in the test plot, indicating excellent physiological health, where a sharp
decline in chlorophyll content in the control plot served as an effective early stress indicator. Conversely, species such as
Vinca minor had a 100% mortality rate in both groups, indicating their unsuitability for arid environments. Based on these
quantitative findings, this study proposes a combining panel designs with enhanced water retention and empirically
validated drought-tolerant species is a core strategy for developing sustainable, climate-adaptive VGS.

Key words : Vegetated sound barrier, Vertical Greening System (VGS), Drought stress, Plant resilience, Survival rate,
Chlorophyll content, Climate-adaptive design
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Fig. 1. Cross-section of the test specimen.

Fig. 2. 3D model of the test specimen.
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2.1.1. A&+ (Test panel : enhanced-performance
system)

AETF 1d2 Ze] 1,200 mm, 57 200 mm, =
©] 500 mm Z719] 74 mel oz AFEJHKim
et al., 2024). ©] =29 HH A 42 g s}
73 A HlEE Ao 7 AAste] 1x7] S8k BA
T LS Fol Aol RS AXHcE FFE F
Qs AAE 8E 9 55 I A A8(rainwater
harvesting and passive irrigation system)& &%
g 7] 1’)r(Flg 1, Fig. 2). o] A|&H2 opi A4==xo
A 22 EGY AT A ol AR AT
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capillary irrigation) E+ ‘917 W|E(wicking
bed) ¥=E A&ttt o9 &2 35 A=
WA HGolN EAE= FTHFE
percolation) & & £4HE &9|
=olgle & 4739 H3Y Jid

o= AA 7|ute] 47 4ES Wt ohgA
51 9 F4 JELE ¢slel: ¢ 7]oje

7|H= .

2.1.2. ti27(Control panel: standard system)
fe] FAL AgTet SUsht i 22k A

FolA o fFEE Yusstg EE AES
AHESFATHK Im et al., 2024). ©1= A] %J%L Hgo] A4
5 gk auts AW o7 vlw Brlsty] 93k 71eA
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Table 1. Soil composition
Coco coir Peat moss Zeolite Perlite Vermiculite pH adjuster ~ Wetting agent Fertilizer
30% 42% 3% 20% 5% 0.024% 0.018% 0.08%

Table 2. Plant species used in the experiment

Family Common name (Korean) Scientific name

Caprifoliaceae Kkotdaenggang Abelia grandiflora (Rovelli ex Andre) Rehder
Celastraceae Hwanggeum-sacheol FEuonymus japonicus ‘Aureomarginatus’
Oleaceae Yeongchun-hwa Jasminum nudiflorum Lind.

Oleaceae Munui-jwittong-namu Ligustrum sinense ‘Variegatum’

Rosaceae Hwanggeum-jopap Spiraea thunbergii ‘Ogon’

Cupressaceae Rein-goldeu Thuja orientalis ‘Rheingold’

Celastraceae Jul-sacheol FBuonymus fortunei (Turcz.) Hand.-Mazz.
Cupressaceae Hwanggeum-nunhyang Juniperus chinensis ‘Aurea’

Apocynaceae Binka-maineo Vinca minor L

Note: Scientific names were confirmed using national and international botanical databases (species.nibr.go.kr). Common names are listed in

Korea.
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Table 3. Final survival rate and statistical comparison of plant species after 110 days of terminal drought

Species Group Survival/Total Final survival rate %)  Chi-square (x2) p-value
Test 10/10 100 15.00 {0.001
E. japonicus
Control 0/10 0
Test 10/10 100 15.00 <0.001
J. nudiflorum
Control 0/10 0
Test 10/10 100 N/A N/A
L. sinense
Control 10/10 100
Test 0/10 0 N/A N/A
A. grandiflora
Control 0/10 0
Test 0/10 0 N/A N/A
E. fortunei
Control 0/10 0
Test 0/10 0 N/A N/A
J. chinensis
Control 0/10 0
Test 0/10 0 N/A N/A
V. minor
Control 0/10 0
Test 0/10 0 N/A N/A
S. thunbergii
Control 0/10 0
Test 0/10 0 N/A N/A
T. orientalis
Control 0/10 0

Note : Chi-square test was performed on species showing differential survival. N/A (Not Applicable) indicates tests were not performed due

to 100% or 0% survival in both groups.
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Table 4. Comparison of mean soil moisture and final chlorophyll content (SPAD) for key surviving species

Parameter Group Mean = SD t-statistic p-value
Overall soil Test 43.1 £ 14.2 4.87 <0.001
VWC(%) Control 31.5 + 16.8
Final SPAD Test 72.58 £ 2.61 2.53 <0.05
(Buonymus japonicus) Control 61.42 + 8.75
Final SPAD Test 58.18 + 4.50 0.98 > 0.05 (ns)
(Ligustrum sinense) Control 61.42 £ 875

Note : VWC data represents the average of all measurements throughout the experiment. Final SPAD values are from the measurement on Nov

11, 2024. SD = Standard Deviation. ns = not significant.
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