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Abstract

This study aimed to explore companion planting to improve vegetable productivity on extensive green roofs through
urban agriculture with limited substrate depth. From May to July 2021, the study conducted on the rooftop to evaluate the
effects of marigold (7agetes patula) planting ratio on the growth and pest control of cabbage (Brassica campestris). The
experiment plot measured 1 m in width X 1 m in length X 0.25 m in height and 0.2 m in substrate depth. Fifteen plots were
planted in varying proportions of cabbage and marigold for three repetitions per treatment: cabbage control (CC), 2:1(C;My),
1:1(C;My), 1:2(C1My), and marigold control (MC). We found that companion planting marigolds with cabbage significantly
increased cabbage growth and reduced pest infestation. The study revealed that C;M;, when cabbage and marigold have the
same proportion, is an efficient companion planting ratio. Companion planting, in which non-crop vegetation manages pests
and increases crop productivity, improves natural pest control and preserves biodiversity on rooftop urban agriculture.
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Table 1. Comparison of cabbage growth for the planting ratio of cabbage and marigold in rooftop urban agriculture

Pla.ntingy Plant height Leaf length Leaf width No. of leaves Chlorophyll contents Traces of pest
ratio (P)? (mm) (mm) (mm) (SPAD-value) control
cC 2453 & 189.3 a 1164 a 9.7b 243 a 31.7a
CM 2658 a 228.7 a 141.7 a 125 ab 27.5a 30.7 a
CiMy 2879 a 2243 a 145.0 a 12.6 ab 28.8a 26.0a
CiM; 264.8 a 231.1a 1513a 13.1a 28.2a 253a
P NS NS NS NS NS *

” Means followed by different letters indicate significant differences using Duncan's multiple range test at 5% level.
¥CC: cabbage control, C;M;; cabbage 2:marigold 1, C;M;; cabbage 1:marigold 1, C;M,: cabbage 1:marigold 2.

S*Nonsignificant or significant at p < 0.05, respectively.
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Fresh and dry weight of cabbage(Brassica campestris L.) for the planting ratio of cabbage and marigold in rooftop

urban agriculture. Each value in the figure is the mean and the vertical bars give the standard error (SE) of the
mean. Different letters indicate significant different among treatments at p < 0.05 by Duncan's multiple test (n=20).
CC; cabbage control, C;M;; cabbage 2:marigold 1, CiM;; cabbage 1:marigold 1, CiMa: cabbage 1:marigold 2.
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Fig. 2. Change in cabbage traces of pest control according to the planting ratio of cabbage(Brassica campestris) and

marigold(7agetes patula) in rooftop urban agriculture. CC; cabbage control, C;M;; cabbage 2:marigold 1, CiMj;

cabbage 1:marigold 1, C;M,; cabbage 1:marigold 2.

gZcrt 4 sttt &2 wj(Min et al.,
2005), B FHHAA o 739 v S=of vl2] S =9 v
£0] 1:1, 2:1%1 Aol vjF=2] 2771 Ag74dgdel
et F7ke] gAagto= Qo vehd Adeta Ate
o wlgEEY] ZAskes A 452191 69 8Y7HA
MCE}F CoM oA =] YT, o] F Alzto] Zafgte]
et CM; AgftollA] 2tekert E5] F7lsto] 74
6%90ll=5.8870= 7H W2 £2 19 2ot gl
3t 20| 2 B th(Fig. 3). AAH&H vl o] sl
2 CoM; oA 37.0 mmE 7HFE 131, CiM; 36.9 mm,
CiM; 35.0 mm, MC 34.3 mm <22 UEF o A
g7 {914 Zpol7t gt Mutd o= wgEE 9
O] Aol M= Hed AS HolA] ggton 23}
ol QlojA viF¢} wlg]ZE AAfu]&o] 2:137 1:1¢]
CoMy, My Aol A 7P B2 Ao 2 AR Y,
2l E =0 A JEATTFE CiM; 014 30.5 SPAD-
value2 7F¢ &7, tix2+ol4] 25.1 SPAD-valueZ

7P GA Yebgh vl S5 AR AAE 5 2
T CiM; ) CoMy ) MC ) CiM, =28 CiM; 9] 214
S 105 g, Xlo}—‘% AAFL 202 g0 &2 7P F
A z;qgo%q. =% B3 CiM; ) MC ) CMy )
CiM; =22, C1M;y 7\1‘1]:1“)1]/\1 2|35} 2|5HE R
E2 AE HolF glo] viSet vle]ZE 24 Al

2~2Z] /\H;d-o] ;q

Hjet vE|Z2EE T SR AAetRE o 7F &
2Rl Aoz mEct FPAETe] FREAA | of
3t AT Z Chang et al.(2017)2 5 2H=21 2o] 2
Aol A EF W I(P) ZAE(K)S o] 7P =k
A5t RE Ao A NOs ™-N#F NH-N gl =
ofz| 1, HAEL] FHHIIR Qo] IS wol=
o Z1oAstdota Barshdet, gt Zoffset igf=
T2 Sl AstE-S o = ZHE 0] S|SurA| gt B of
Ua =8k A5 A2o] Ae gt draahs
(Ben-issa et al., 2017) AP A7} FAFSE Avtolct,

OII

2 A7E S EAEANA HiRlEEe] A
Hlgo] w50 B B S| A o nlA = F= 24
Stod vl Afjel Al b Q] v2lE s kA A vlet
1 8878 FHskrAt skt A vliaet vl
=9 vl e vt 12, 101, 201, WEE
E diz72 S 2445t A5 2 sisd4Ed &

A Amrstor], 1 Ave oeat Bk

v o] a2 CiMy, Cle—q] &0 2 Ago] 435
Aea e oz} Aal77t 2Jolrt £
7 vrebgth, w9 /\}q-]OﬂE/Kol—Fﬂ: Aﬂxﬂz AE=

ERF CiMOIAM 7P =9k, siEAAEA A A

|

o



830 2o - 17

st . =
9l - 835 1

ol

Ho

Table 2. Comparison of marigold growth for the planting ratio of cabbage and marigold in rooftop urban agriculture

Plantingvratio Plant height Leaf length Leaf width Chlorophyll contents No. of flowers Flower width
(DX (mm) (mm) (mm) (SPAD-value) (mm)
CM, 1404 ab’ 34 a 83a 294 a 44 a 370 a
GM; 1424 a 371 a 87 a 305 a 43 a 369 a
CM, 130.1 b 39 a 88 a 289 a 38a 3.0 a
MC 133.0 ab 34 a 86 a 251 a 43 a 343 a

P NS * NS NS NS NS

”Means followed by different letters indicate significant differences using Duncan's multiple range test at 5% level.
yszMli cabbage 2:marigold 1, C;M;i: cabbage 1:marigold 1, C;M,: cabbage 1:marigold 2, MC; Marigold control.

NS"Nonsignificant or significant at p < 0.05, respectively.
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Fig. 3. Change in marigold’s number of flowers for the planting ratio of cabbage(Brassica campestris) and marigold
(Tagetes patula) in rooftop urban agriculture. C;M;; cabbage 2:marigold 1, C;Mi: cabbage 1:marigold 1, C;My;

cabbage 1:marigold 2, MC: marigold control.

CiMy o] A 272k CiM, o] A2|ollA] 71 22 444
SAe Byt vEE=e] S 989 dF0lH=
A2l FERE Afol7h Holx| efgrout, A
CiMi, CMy HIollA =2 2 Uehileh =3 v
Stml2lEE Z42F 1:13 2:1 W9 SRk Aol 4] 25}
ot o} 5 2| A7t 7P st vzla=e
AAFI D252 BF 101 HIE AelA 718 A
et

A SAFEAIEANA Bt H2lEs SEry
A Al w2} 2] 2 E 0] 1:13% 1:2 HlEo] A5 3le]

ol 4§ sfalo] 71421 4
%815 Fo
ol /TN AT L )

Aolet. e} thare

shel et

191 7440
o 477k Ba



S AT AONA HElZE] SREAA Hlgo] v 5o A Bl S Al v I 831

40

120 o a EEEE Shoot a I Shoot

3 Root 3 Root

100 -| 30 4
I = b
k) b b Z c
g ‘s 204 d
= 601 E3

a
40 a
10 4 b
b
20 4 c
; & : Ifl
0 jnl (IS E | 0 1 | i |
c2m1 ciMm1 cim2 MC caMm1 ciMi cim2 MC

Fig. 4. Fresh and dry weight of marigold(7agetes patula) according to the planting ratio of cabbage and marigold in rooftop urban
agriculture. Fach value in the figure is the mean and the vertical bars give the standard error (SE) of the mean. Different
letters indicate significant different among treatments at p < 0.05 by Duncan's multiple test (n = 20). C;M;; cabbage
2:marigold 1, C;Mj; cabbage 1:marigold 1, C;M,; cabbage 1:marigold 2, MC; marigold control.
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