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Abstract. This study aimed to determine the suitable of harvest time on the growth and quality of baby leafy vegeta-
bles (Agastsche rugosa O. Kuntze and Lepidium sativum L.) grown on rice seedling tray in a six-layered bench system
at 30cm intervals in order to exploit the space during rice growing off-season. Seedlings were grown on the rice seed-
ling tray for 10 days after sowing with coir substrate supplied with nutrient solution at EC 1.5 dS'm™ every 2 days prior
to placing the tray on the bench, which were at 1% (Low) layer above 20cm and 6™ (High) layer above 170cm apart
from the ground. Growth and phytochemical contents were measured at 7-day and 14-day harvest time. During the cul-
ture periods, daily average of integrated solar radiation and temperature were 9.3~9.6 MJ-m™, 27.5°C in the High layer
and 5.1~6.2 MJ'm? in average, and 26.5~26.6°C in the Low layer, respectively. For 4. rugosa, the highest growth was
observed in the Low layer bench at a 14-day harvest time, while their plant height in the High layer was shorter and the
leaf number was lower. For L. sativum, the plant height, leaf length and width, leaf number and fresh weight were
higher in the Low layer. For A. rugosa, a high yield was observed with the increase in integrated temperature and inte-
grated solar radiation, while a higher yield of L. sativum was found with the increase in integrated temperature, but not
with integrated solar radiation. For 4. rugosa, both polyphenol and anthocyanin contents were higher in the High layer
at a 14-day harvest time. For L. sativum, polyphenol contents were higher in the High layer, whereas no significant dif-
ference in anthocyanin and flavonoid contents was observed depending on the layer and harvest time. The highest chlo-
rophyll content showed in Low layer at a 7-day harvest time in both A. rugose and L. sativum. All of the results suggest
that in terms of growth and quality, it may be better growing in the high layer for 14 days after seedling in 4. rugosa,

and low layer for 7 days in L. sativum.
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E $0] 9om(Choi &, 2016), 2717} 2R Adejoll A
wetaE Adafol] vls) Aehae] HAistE 7] feel 7}
S(Park 5, 20093 EA3, Regg- A7kow A
A29} A HIER], PR T 8 YRl Lut A
2R Ha a7t i1:]—_1"’_ %}Eﬂxﬂ 1THLee 5, 2007).
oAl A AP 2002 oF wid 23%% A
Z7Fsk (Park 5, 2003), 2013 2009] Athe] A& 7t
S It (Nongmin, 2013). 3HH, 715 749 7+
2ol WE 1] 7H FAlY] ARElFE ¥iske Adgel
ME 7R Hold] AFEARE FAdstaL, A7l
o] e o Ahe dOoET 8 FTPL o

Protected Horticulture and Plant Factory, Vol. 26, No. 3, 2017



chetAjol A =2bA717) of sl Aol G} lslEd ol viAle 9%

S} geha] ofdel Ahe] AR a0 T3] 9
siMe Bt 7154, 7] T APES He AR FHE
PR ofe} st Heko] dasitt.

oherdolel wixde: =535 I BkE AYaL =
21524, Noh 5(2013)2 Zvj=hgo)7l 2% 10~15cm
7V 2R Qe daee oF 2082 7 A9t
e Hololx oA A A VeSS Bagk uf
Uk HiERERE EEH &sle W AEE Hol
= YR, 22ulE] 59 gEo] RIs B opst A
=, 04, vt Alg To= H o8] TSt
3 e FEAA] YFoltk(Choi 5, 2010).

oA Aro] sl BHHE Qo= &% 3 vt
o, Al 5o RuEHoH(Kim 5, 2011; Kim
, 2013; Noh &, 2013), ¥l& &%, SefRwol= &
T Ao 71eA gl AeiMe FEZ F=(Choi
%, 2010; Colonna %, 2016; Kim %, 2015; Li ¢
Kubota, 2009; Yoon %, 2015), ¥ ZA(Kwack 5,
2015), ¢ % (Chisari 5, 2010), B34 2] (Lee 5,
2007) Fo] Bt

s T ¥ s SEAS TE AT 133}
M F7ke] S8 FEs o WIS ddstas) ¥ S
BEHEY 27%@4H 4122 BFSIATHRDA, 2014,
http:/swww.newswave kr). ¥ B tlEAike 8k I
SEAE ol &5 28], tiet A, s
T A Fo] ARl ok ey BE 1-27iRE AL
|53 YmA] 77k iR e AR AR o
g Al EgE0] w9 vk Aol wlEbA ¥ §83
o] FF7IRY T v AiPdS E-83te] oA A Al
7Fs/3s AESIL, AR APgaTtel] dAIF R t-3s)
1A} o] A4 tAIEFECE vz} SrfyolE )
Hisle] A7) mE A3 715AdS AT

i)

o, offt

1. SAEE H Tui=A
w23 (Agastsche rugosa O. Kuntze)} STHEYo]

(Lepidium sativum L.)yS 2016 62 109 35311 10
A SHI F 79 47 ddish 2dE STk
g 240X ATt W SEHA(60x30x2ecm)ol] i
5 490(© 5.5mm) B F 2-33] o AeE ¢
F= Aol Z3Yl Fo|of[dust:chip=7:3(v/v), EX1/Adw]
U, KorealE 1.5cm FXI%H - Yamasaki QA5 vl
H(N-P-K-Ca-Mg = 6-1.5-4-2-1 me' LS o]83}] EC
1.5dS'm' 2 F531590}.

iz ool FAE SR (3x3em, 2009/
tray)ste] 0] Uk w oi Aol A Aulskitt.
A7) A wizge FF 1.3~1.5em 9], Foigyol=
HFF 0.5~0.7emAc}. Ai7IZE St EC 1.5dS'm™e] Hi
Ay} AElE 2 HASE wWzol 747t Fgsial,
31F 33, 33 200~400mL/tray® TSI

B SR O Aol B K8 He AEase
HlaskaAl 65k AIAHL120xW45xH180em)S A A1zt
sick ¥ SEIE vEoZHE 170em 0|2 659
THHWN it F=F 1,000~1,500umolm™>s !y 20ecm =
o]l 159 AGEHW Ht FF 200~600umol-m>sT ]
22} viAJElAaL, S S9lole B SHAS Fol Al
Ao TS Haslellt). o Al 7Y e 14§
2zt pekste] A 9 st B4 S eIt

ok Auide] B} 2% 342 Watchdog  data
logger 1000(Model 1650, Spectrum Technologies, Inc.,
USA)?} Quantum Light Sensor 6(Item 366816, Spectrum
Technologies, Inc., USAyS X3t & 158 HHo=E =
A Add AmE A5 84 AsE 283l A 7]
T T FEEE 2 R AdAelAE
5.1~6.2MJ-m’, 26.6°C, LA E]= 9.3~9.6MJ'm?, 27.6°C
2 7212} ASEACH(Table 1), AT H2)7e] It
e kel Hlal 61% ARen, PE e
= 0.9°C Sttt

Table 1. Daily average of solar radiation and temperature from seedling to harvest.

Solar radiation (MJ-m™)

Position* Harvest Temperature (°C)
(layer) (days) Average Integrated Average Day Night
Low 7 6.18 122.9 26.6 27.9 24.9
14 5.11 143.8 26.5 28.1 24.1
High 7 9.59 170.7 27.5 294 24.7

14 9.30 2323 27.5 30.1 23.8

“Means over 20 cm (Low) and 170 cm (High) from the ground, respectively.

Measurement period : from 10th June to 4th July, 2016 (n=2,304).
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Fig. 1. Changes of daily average of photosynthesis photon flux density and temperature of culture position in multi-layer system. Symbol
e and 0 mean 20 cm (Low) and 170 cm (High) height from the ground. Measured period: 20" June ~ 4™ July, 2016 (n=672).

2000), trayd = ALk

Zovls FdH GEAoRd FEES Chang 5(2014)
o] WS &8st AV TA(UV-1800, Shimadzu,
Kyoto, Japan)® Z73Ith. &4 1x3 A5 2¢9
10% formic acid’} Z7FE MeOH 20mLE 7}skal 244]
b B3 FFEe H, o9F(NO. 6 Whatman, USA)S}
Aot oft® g8 1mlel]l 02M sodium acetate 9ImL=
7Fte] AeolA] RESAIA F¥% 280nm, 520nmol|A]
247t SA4% ¥ mg100g FW'2 Jepit. 54
Fx07 ZolHs S gallic acids, UEAlOPIS
cyanidin-3-glucosideE ©]-8-3I3T}.

ZEfReolE 3 A2 Moreno 5(2000)2] W
S 383 o7 54 1x3F AlF 2g0] 80% ethanol
20mLe 7Fste] QHAelA 3087t RESAIA oAt &
(NO. 6, Whatman, USA), ethanol= 40mL “3-8-3}%3t}.
8N 0.5mL, ethanol 1.5mL, 10% aluminium nitrate
0.lmL B FSFHF 2.8mLE 217} 37Iek E£3is de
oA 30%87F WRSAIZI & 410nmollM] §EEE S5
Aot FEAFEALS cateching 2431] 0D. valueZ
e AT

A=A TS Mackinney 5(1941)2] WHES 383}
of Qo] AA|F 02gS HHS T 80% acetone 10mLE
7Fated 4°Cce] QHAA] 48A1ZE WAIgE & S F
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Z31e] 645nm, 663nmellA FBES S5 AL
FFS A=l

3. SAXZ|

greAul oA Al Yoo R 3ukESst
Act. ASAT= 200AE W R FE35te] Hrslkst
R, FEHESE, SEAPIRE, e ol 3,
JEL F T2 WhESI HEd} st SARAS
SAESS Z 7390 SAS package(statistical analysis
system, version 9.3, SAS Institute Inc.)& ©]&3}]
FH*4, ANOVA(analysis of variance) % Duncan’s
multiple range testDMRT)S A5} 5% fFolg==oll
Al 2y AT fo8s skt

ohet Aol At mdeld 7Y e 1497 A
HjE oSl A2e] ASEAES RlusidS W, Adl
A 14 ApiE wizge] Aol 7Pt Fwsision, o
A gelMe 2ol AMAL FFE ATk (Table
2). 14 AN Wi S BE SPPEAM 1=
2 FYEIAA(p=<0.001), =% ,

v 3] B g dee] JRFS FolsA skt A
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Table 2. Effects of culture position and harvest time on growth of Agastache rugosa from 20 June to 4 July, 2016.

Position” Harvest Plant Leaf Leaf Number Fresh
(layer) (days) height length width of leaves weight
Y Y (cm) (cm) (cm) (ea) (g/plant)
7 10.79°b* 2.73¢ 2.67b 7.20bc 0.55¢
Low
14 18.78a 4.30a 3.64a 9.80a 1.58a
. 7 8.21c 2.97c 2.88b 6.80c 0.62¢
High
14 18.53a 3.69b 3.42a 7.80b 1.14b
Significance™
Position (P) *x NS NS ok NS
HarVeSt (H) &Kk ksksk kkok ksksk ksksk
PxH * * NS * *
“Height means over 20 cm (Low) and 170 cm (High) from the ground, respectively.
YMeans for 20 replications.
*Means separation within columns by Duncan's multiple range test at p<0.05.
WProbablility of significant F values : NS, * ** *** : non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.
Table 3. Effects of culture position and harvest time on growth of Lepidium sativum from 20 June to 4 July, 2016.
Position” Harvest Plant Leaf Number Fresh
(layer) (days) height length width of leaves weight
Y Y (cm) (cm) (ea) (g/plant)
L 7 10.51°b" 2.37ab 2.49a 5.80b 0.74b
oW
14 12.04a 2.33ab 2.48a 6.40ab 0.95a
. 7 8.66¢ 2.64a 2.11a 6.70a 0.61b
High
14 10.67b 2.22b 2.11a 6.70a 0.75b
Significance™
Position (P) ok K * *
Harvest (H) *x NS NS *
PxH NS NS NS NS

“Height means over 20 cm (Low) and 170 cm (High) from the ground, respectively.

YMeans for 20 replications.

*Means separation within columns by Duncan's multiple range test at p<0.05.
“Probablility of significant F values : NS,* ** *** : non-significant or significant at p <0.05, 0.01, or 0.001, respectively.

oAl 794 - xR 2FL 10em HLd] =2
31, 14970dl= AdAE e} adxEollA ASo] &
7retant. ek Aol M) vz AT 1.874), 3L
Tolxe] AT 0.830) FTI8t] ATe] AFollA]
APl vl zske] S ST Ztk(Table 2). 9% =
A 22 ARE KB 794 FER uixde] G4
ol W& Zfol7p FHou, Al 7)te] 7d AFE 14
A B AelA Aui=EAE W 35 ST 3

Aol AulE ool JFE Al 24,
HE, g, ATl ITAREY fofHem E=9uTh
(Table 3). AILT7E S7H0S o 94, 9%, A9~
zto)7F gilo, AgAole 74 149 A &
tjehygole] AA|Fo] kg A He) wel)

ot AuidellA] Al A7t doRs o HAwe)
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FARFE TRRIER ol R 3 sz} vy
Wolo] ko] 2 3AXE T8 AI(Fig. 2) ¥z
ko ZAeT 100°C Z7HA] 85g E7Hy=-0.8496x-
253.03)3}932, 100MIm? F23F Z7lold= 88¢0]
Z7Hy=0.8825x+58.149)3t3c}. 1ejy Soiehyol= &
A= 1000C STl wWE SRRl 105g S
(y=0.1052x+109.22)8+ ¥WFA F2F&F 100MJ'm? 7]
SRS 10.5g 7 (y=-0.1054x+183.7)8}53t}. o= HiZ
gro] Frfehdo|rt} Fwo Wgtsle] B &= St
Al T ST A adelA Apidte] Aggt v, &
tehgol= Ade] A3ket Aoz HRlth 2 AL 6
4 TeolA 78 ol olFolRlar, Ad ad A
oM Al 7IRF F UBT LT 0.9~1.0°CE S {
H AR o Ao e Zpolrt it a3 T ¥
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Fig. 2. Liner relationship between integrated temperature or integrated radiation and yield of Agastache rugosa and Lepidium sativum.

Table 4. Effects of culture position and harvest time on contents of polyphenol, anthocyanin, flavonoid and total chlorophyll of Agastache

rugosa.
Position” Harvest Polyphenol Anthocyanin Flavonoid Total chlorophyll
(layer) (days) (mg/100g FW) (mg/100g FW) (O.D. value) (mg/g FW)
7 53.4c 44.2b 4.9b 1.89a
Low
14 67.3b 64.6a 5.8ab 1.62b
) 7 74.6ab 67.9a 5.0b 1.40b
High
14 79.7a 70.5a 6.2a 1.39b
Significance”
Position (P) HHE *E NS A
Harvest (H) ** ** * NS
PxH NS * NS NS

“Height means over 20 cm (Low) and 170 cm (High) from the ground, respectively.
YProbablility of significant F values : NS, * ** *** : non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.

Algo] a1ebA )= 3l 1500umol-m™?s'2 Aol H]s|
2.5~4.68 =SkCH(Table 1, Fig. 1).

B 2gRe FHF wholewr} 20~25°Co]aL, FulHTE &
oA Ago] Fow, e ApfelA 25% xpF Al
13% S2o] Z7letial 31 0H (Park 5, 2000), it
Yolo] 7+ 24 AplLEE 20°CE Noh $(2013) B
stk & Al ApiZIRE F9ke] et AT
e 25°C(20.7~28.3°C), A= 27°C(20.2~32.3°C)
Z o Ao mE PR Ee 2°C 2olE HYlor,
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vk Fobehdold] A AWl RERUTE E=UTh
gk ool 1,000~1500pumol'm?s 'Sl arEtol| A A
HiEl ol 7o) golA|a, AAFE 7Haisie
1-27) Al Al E717) 7heal 230] Ao =S

o] 3daL, 2RF Aelsh= Ao AR F2 el
o] ®Htjal B33k Kim 5(2013) 2 Noh 5(2013)9]
AFele gGRith. weba] AuiAl7]e] we theka]2F
B 2E= gAYy Bl 1,000~1,500umolm™ s
1 BHFolA iR Frhhdols AdollA Auiske

Ex:
M1 oX -
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Table 5. Effects of culture position and harvest time on contents of polyphenol, anthocyanin, flavonoid and total chlorophyll of Lepidium

sativum.
Position” Harvest Polyphenol Anthocyanin Flavonoid Total chlorophyll
(layer) (days) (mg/100g FW) (mg/100g FW) (O.D. value) (mg/g FW)
7 29.3b 33.2a 2.9a 0.78a
Low
14 31.8b 32.9a 3.5a 0.60b
. 7 41.8a 34.7a 3.0a 0.37¢
High
14 46.4a 45.0a 3.5a 0.34c
Significance"
Position (P) ok NS NS HAk
Harvest (H) NS NS NS kK
PxH NS NS NS *

“Height means over 20 cm (Low) and 170 cm (High) from the ground, respectively.
YProbablility of significant F values : NS,* ** *** : non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.

Ao Agtsh, vjxge 14U A F, Svdhdols 7
A A * FEsk= Aol Fohar AHE A

HiZxgke] Zjus @ QtEAopd FeRe AdAE R
o} el =kom, Al A4t doix e W Z2)y)
T, UEAORd 9 ZEpHwol= ke SIS
(Table 4). 53] QHEAJoPd ke tjek 9|9} A L
T el= frejste] maAge] vis) AgHelMs 7
A7 AL W 653%, 148 ANS W 91% =
< Ho ASH 7led EF S aHS wijxde]
FHA7IE SE T 1490] [P Aoz HRlh

rehdole] ZEdE e adelA =8k, '
Alopd 2 FejReole FHERe thdk X9} Au) dg
o W& zo)7} UAk(Table 5). HA F A& ¥ F
FEA e A A 14Y AEiERS o 7P
=)

AN AQaxel oA i) Ve B gk oY
AT ZAyE Hago] gt} Shin 5(2009)9] ol uwh
21, 99 14 Al Al 308 A ARG F Eg
HEe 1818, FEHwol== 1568 Bo] o
AR, 109 AEist 2)A) ] Zjdls TS 208 A
Higk RAECE E9kou), FefEicols k2 20Y Al
Sk ol AfLolM =& TS YERIITE wfeta] 2
EHE v & A A 45 AFse A wlg-
2% Aoz HAY B AFoMx Zgjusd e
Ao gk AR AgeEchs Fio] = 1t
AN AiEIIS W Eskeh T ol ko] iRk
2 7Y AE ARG 14 AEEAS W FelsHA =
o} 7|&9] AFAFET e ARs HYoy, v
Jol= Al A= 7 ZolE Ho|R] o} ZpEo] wpE
7154 = IEith 9 uxde] AlSe AdolA
=3ko), ZTlulE, AEARE FF 52 aTolA o}

AldRo-A=25, M26d M3S 20174
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ZIgk ¥ SE3 Zi7te] AES 109 SHSE o)
AAE 6 A (120x45%180cm)2] 15 ATFHH|HOZE
FE 20cm)yt 659 IHHECZRE 170cm)el] HIX]
319t FFNE EC 1.5 dSm'e] vy} x|skeE 3}
FHAoR Wzel 77t AYE FFSIA, s 33,
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b ApEte] g9 & AS 9 s} FRke 248t
Ack. Ao} aAFoMe] Aul 7IkE F I
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