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Abstract

This study was conducted to obtain basic data on efficient and eco-friendly crop cultivation for urban residents who enjoy
urban agriculture as a hobby or leisure activity. We planted strawberry(Fragariax ananassa)(S) and kidney bean (Phaseolus
vulgaris var. humilis)(K) in different ratios to analyze the differences in soil environment, growth, physiology, and
productivity, and to investigate the effects. Strawberry growth was optimal with S1K2 ratio, whereas the S1K1 ratio
treatment showed the highest levels of physiology and productivity. In terms of growth and physiology, kidney beans tended
to perform best in S1K2 treatment. The average number of productive pods was two, with a highest average value of 2.3 being
recorded in S2K1 treatment planted with a high percentage of strawberries. In terms of growth, physiology, and prodctivity
our findings indicate that it would be desirable to plant starwberries and kidney bean in a 1:1 ratio. However, considering the
environmental characteristics of walls and rooftops, it is necessary to effectively manage crops suitable for these conditions.
Furthermore, additional studies should be conducted to analyze the quality of fruits and seeds producted, both
qualitatively and quantitatively in the future.
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Fig. 1. Nitrogen content of strawberry and kidney bean soil according to the ratio of companion planting in urban agriculture.
Bach value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof, SC:

Strawberry control, S2K1: Strawberry :

Kidney bean = 2:1, S1K1: Strawberry :

Kidney bean = 1:1, S1K2:

Strawberry : Kidney bean =1:2, KC: Kidney bean control, SOIL: Soil control.
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Fig. 2. Phosphorus content of strawberry and kidney bean soil according to the ratio of companion planting in urban
agriculture. Each value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof,
SC: Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2:
Strawberry : Kidney bean =1:2, KC: Kidney bean control, SOIL: Soil control.
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Fig. 3. Kalium content of strawberry and kidney bean soil according to the ratio of companion planting in urban agriculture.
Each value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof, SC:
Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, SIK1: Strawberry : Kidney bean = 1:1, S1K2:
Strawberry : Kidney bean =1:2, KC: Kidney bean control, SOIL: Soil control.
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Fig. 4. Plant height of strawberry and kidney bean according to the ratio of companion planting in urban agriculture.
Each value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof, SC:
Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2: Strawberry
. Kidney bean =1:2.
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Fig. 5. Leaf length of strawberry and kidney bean according to the ratio of companion planting in urban agriculture.
Bach value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof, SC:
Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2:
Strawberry : Kidney bean =1:2.
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Fig. 6. Leaf width of strawberry and kidney bean according to the ratio of companion planting in urban agriculture. Each
value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B: Roof, SC: Strawberry
control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2: Strawberry : Kidney
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Fig. 7. Number of leaves of strawberry and kidney bean according to the ratio of companion planting in urban
agriculture. Each value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B
Roof, SC: Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2:

Strawberry : Kidney bean =1:2.

O

E
o

E2 AT S2K 1004 7Y w2 A
o A%t 1Tt 2 TR HHolx

R 24T A BF e 9
3 @] drd 22l scg}wblf&vo‘a%
el S2K1, S1K1, S1K291A =A] SA =t
FAA AT FollA "7t FdFe] Hl-gol
S1IK1AATANA 7H =9 Fig. 2, Fig. 3).

_l.4

52 ool
rlo
N

e

x

o ol o

ull
OH
of
>
2

_12
)
rO
w2 R
Mo ol m> =2 S

SohFig. 4). B7 1= 227t w355 Ag5o] Astert
I 4HA JHKim et al., 2005). ©]et T2 Avt=
Lo Aol &7t YHoAET =97 el
Atz gt U &4 BT 7dE o] Hlgo] w2 AY
TFS1K2)ANA =7 7 At 9%, 942 49
oA B dA S= o G2 e Hleol =
< S1K200A(Fig. 5), @& E7]et 7 d3 9] Hl&ol
22 S1K1 AdTolA 7P 2A Vel th(Fig. 6). &
2 7|20] 2E45 7o) AotHEr= Aol ot
ZHLee et al., 2019), 2A3} A2 42| Hit
7]20] JHKE T} ot Qlo] Ao JIFS mxl Aoz
T B7)9] 4= gl o B2 AS 1T



960

45

40 A

35 A

30 4

Chlorophyll contents (SPAD-Value)

25

42 56 70 (days)

A

Ho

o
o
N
™
Loy

45

40 -

35 A

30 - —e— SC

—o— S2Kl1
—v— SIKl1
—&— S1K2

Chlorophyll contents (SPAD-Value)

25

14 28 42 56 70 (days)

B

Fig. 8. Chlorophyll contents of strawberry and kidney bean according to the ratio of companion planting in urban
agriculture. Each value in the figure is the mean and the vertical bars give the standard error(SE). A: Wall, B:
Roof, SC: Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2:
Strawberry : Kidney bean =1:2.
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Fig. 10. Dry weight of strawberry and kidney bean according to the ratio of companion planting in urban agriculture.
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Fig. 12. Number of creeping stem of strawberry and kidney bean according to the ratio of companion planting in urban
agriculture. Each value in the figure is the mean and the vertical bars give the standard error(SE). Different
alphabets indicate differences in mean values from Duncan's multiple range test at 5% level. A: Wall, B: Roof, SC:
Strawberry control, S2K1: Strawberry : Kidney bean = 2:1, S1K1: Strawberry : Kidney bean = 1:1, S1K2:

Strawberry : Kidney bean =1:2.

Table 1. Growth and productivity characteristics of kidney beans according to the ratio of companion planting in urban

agriculture.
Treatment Plant height (cm) Leaf length (cm) Leaf width (cm) Number of leaves Number of pods

KC” 27.8 a* 54a 35a 7.2b 2a
Wall S1K2 28.6 a 7.6b 4.9 ab 6.2b 15a
SIK1 24.2b 5.4 ab 3.1a 9.8 ab 2a
S2K1 26.6 ab 44a 43b 53a 2a
KC 273 ab 44a 31a 159a 2a
S1K2 26.2b 43a 3a 163a 23a

Roof
SIK1 28.2 ab 4.7 ab 32a 18.5 ab 2a
S2K1 29.7 a 59b 38a 20.1b 22a

"Means followed by different letters indicate significant differences using Duncan’s multiple range test at 5% level.
YKC: Kidney bean control, S1K2: Strawberry : Kidney bean = 1: 2, S1K1: Strawberry : Kidney bean =1:1, S2K1: Strawberry : Kidney bean = 2:1.

AelM 7V =7 S = AeH(Table 2).
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Table 2. Physiological characteristics of kidney beans according to the ratio of companion planting in urban agriculture.

Fresh weight of

Fresh weight of root  dry weight of shoot  dry weight of root ~ Chloroplyll contents

Treatment shoot (2) ) (@ (® (SPAD-Value)
KC 9.5 a* 6.2a 1.6b 05a 23.1b
Wl S1K2 9.4a 3.4 ab 1.6b 0.7a 30.2a
S1K1 9.6a 2.4b 1.4b 0.7 a 23.1b
S2K1 3b 2.2b 0.7 a 03a 18b
KC 18.1a 8a 1ab 3.1a 33.7a
Roof S1K2 10a 54a 1.6a 1.3b 32a
SIK1 13.6a 58a 1.8a 1.6b 32a
S2K1 155a 5a 0.6b 2b 31.8a

“Means followed by different letters indicate significant differences using Duncan’s multiple range test at 5% level.
YKC; Kidney bean control, SIK2: Strawberry : Kidney bean = 1: 2, SIK1: Strawberry : Kidney bean =1:1, S2K1: Strawberry : Kidney bean = 2:1.
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