###FFE (Korean J. Medicinal Crop Sci.) 32(5) : 305 — 313 (2024) ISSN(Print) ~ 1225-9306
ISSN(Online) 2288-0186 ehee \é\

http://www.medicinalcrop.org =~ o M CEITD
http://dx.doi.org/10.7783/KIMCS.2024.32.5.305

"m Check for updates

Influence of Sowing Date on Seed Yield and Quality of Perilla (Perilla frutescens (L.)
Britton var. frutescens cv. Dayu) in the Southern Paddy Field

Seo Young Oh'’, Seong Hwan Oh?, and Jisu Choi’

ABSTRACT

Background: The growth and seed yield of the perilla cultivar ‘Dayu,” sown on four different
dates, were investigated to explore its potential as an alternative crop to rice and to determine the
optimal sowing period for double cropping in paddy fields in the southern region.
Methods and Results: Seeds were sown on four dates: May 24, June 9, June 22, and July 8, 2022.
The period from sowing to flowering progressively shortened ans sowing was delayed. However,
the time from flowering to seed maturity slightly decreased by 3 days between the sowing dates for
the later sowing dates. The seed yield exceeded 110 kg/10a, with the number and length of inflores-
cences being greater in the early and late June sowings. Functional polyphenol content increased
with later sowing dates and was higher in the late June and early July sowings. Additionally, grow-
ing degree days (GDD), total precipitation, and total sunshine during the growth period correalated
positively with agricultural traits related to both vegetative and reproductive growth.

o ) Conclusions: Considering the seed yield, seed composition, lodging resistance, and crop connec-
and reproduction in any medium, 7. . . . . : .
provided the original work is properly tivity in double cropping, mid-to-late Jupe appears to be the most suitable time for sowing perilla
cited. seeds in paddy fields in the southern region.
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E 010314 474 E 20229)0.2 501, 825 24

ZFe| oF 60%E AL UE T83 FHEo|} (KOSIS, 2023).

U F8 fX&EFY] sl 70 (Perilla frutescens (L.)
Brittony= &3] 194 22 Ame} F=o] YrkAloln =)

o= TdAlZA el A= AThE 7150] Utk (Chang, 1989).
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AA} o= E-T (RDA, 2010; NICS, 2024).
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2011).
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vl It} (Oh et al., 2022).

T3 27 e HeR, SRR, W 24, EX
st A, EElrks, B 55 EEk 100 7 olde] &)
FEo] HAEACH (Yu ef al, 2017), L 71%5740] LUAHA
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3 09 ekl X HRAF A EHL F9ou} (Kim et al.,
2019; Zhao et al., 2021; Bae et al., 2022), ThFst A artst
slgtEo] B3 FREL e AR dEAHA HIde 7]
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I H, dufj7t 2o Wal= Al71Ql *ér? lell z}
AIZTEE 20 JHA (FEF 5 7HAE 4 REE A sto] B,
, BAIE, FAEE, sptr, P 58 98t 24
e =719 Yol f@”‘qill dulj7F vk o) ArHEHS
7R sislen, i

& d

o

10% ©|3}= A3} 61
eI,

4. SN BL

[e]
gatsk 4

ao| 0|3f5x 4
A S S

Amsterdam, Netherlands)Z &
4T o] B S8

e

HE A7 548 918te] ARSS } ‘:]'.
TE ke A%7] (DS-80S, Dasol Scientific, Hwaseong, Korea)
£ o]&3lo] 105ColAM 24 A7+ Azl AT Faghe 23]

Fom, Zuhwze Ao BEA7] (Kjeltec 8400, Foss,
Hillerod, Denmark)Z, %328 700C 2H3]3PHS o]gsle] 7t

7o) 9L ST (AOAC, 1988). 24 L A5-HA

2742 (Soxhlet System, BUCHI Labortechnik AG Flawil,
Swizerland)E ©]-8-31%] n-hexane® Z 3 A7+ G4 F=3 & A}

G, R,

e Tk BESE FFS 100 TR R
A, 28] e W YriAz JeR|T.
NSH Arome Zeldsw

%ol caffeic acid, rosmarinic
acid, luteolin, apigenin® 293}%] = ETF

own, o5 FFFS Sigmart



BRI =0IM IS AP

(Sigma-Aldrich Co., St. Louis, Missouri, USA)IA 43l A}
|3ttt

AR 1.0 goll 80% WERE 30 ME FH7Fsle] 24 Al7E g0l
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Thermo Fisher Scientific Inc., Erlangen, Germany)Z #2]3}%it}
(Lee et al., 2009).
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A 7kel Apold] Wi 9 0—8‘ 5% oA Duncan’s
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2, 7, 42RAIZE T ¥skE ARt (Fig 1).

dH 225 S 13 (52 249), 33 (6¥ 229), 43 (7¥
8Y) ¥ Aol 2 30 d7F (1991 - 2020083)] HagrEoh
=3om, 22k (64 99) TE AlelE ThA WSt (Fig. 1A). 2
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FE 99 el AFEe] Bter, 99 sk olFele A9 fi

Ak ATt (Fig. 1B). Y2AZHE %IL 30 |7F (1991 - 2020
Qo] 97t AFEE 79 - 899 Fagunk I3 Fok
(Fig. 1C). 71585k}t gl wt J7Ae] L5 HApHe
2 Z7 93, g 7hAash) 79 - 890 7he-e] Wiwrt
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Fig. 1. Daily air temperature( ), precipitation (B), and sunshine
duration (C) during experlmental period (solid line) and
their long-term average (LTA) (1991-2020; dotted line).
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Table 1. Growing degree days (CDD), total precipitation, and total sunshine during growth of perilla (R frutescens (L.) Britton var.
frutescens cv. Dayu) sown on different sowing dates in the paddy fields.

Days to Sowing to flowering Flowering to seed maturity
. ermination
Sowing dates (%ermination Days GDD" recTiO??altion Total sunshine Days CDD recTiO‘ifz:tion Total sunshine
date)  (Floweringdate)  (C) PP (hn) (Maturity date)  (C) PP (hr)
(mm) (Inm)
st 13 97 31
T 24, May (06, June) (29, August 1,599.9 481.5 600.9 (29, September) 405.2 164.3 162.4
o 7 84 30
2" 09, June (16,June) (01, September) 1,435.2 481.9 467.5 (01, October) 392.0 123.6 179.9
3422, June / 73 1,297.3 484.3 369.7 30 392.6 139.6 187.3
¢ (29,June) (04, September) 77" ’ ) (04, October) ’ ’ ’
" 7 67 28
4" 08, July (15, July) (13, September) 1,157.9 394.8 335.1 (11, Octobe) 286.3 46.9 162.3
YGDD; growing degree days.
T AR 13 - 33 el AHE] ool 480 mE F FF F FENAS olgse] SMe] A S =AY e

42k vl A 394 mmolt}. A ARAIRES: v
o] AWM HA} dobdint. JNsblelM EAF A<717k]€] 713k
A TE71ZRE dgo] mojRldl meh tha asht v Al71el

w} 3 sl xje]E Holx] gskth. GDDE 1A} 35 Alell 7}
A =R BFYo] ZoR A HAF WolAE S AT 7
A 7}eEEe 12} - 3xF o)A 120 nm S AE|sh=t] wkel 43¢
ggollA 50 mm o)tR RUTh T5717ke] FE dRAIZRE 2%

- 33F ggoA AT e R ZSiT

olggt A= mEo] Zo|AFE GDDVL FHole Ade &
AN EME EA AEsIAUS W ol It dEEL, A
st & A&717HA9] 285 Aoyt wHldiths Bareh itk
(Kim et al., 2002).

E79 e oFTe 3887 mE BUE HE 9O (Yoo e
al., 2014), AUAA £ A-9-elle =4s17] 4a, ddo] st
A Fo Fdo] Hojx= Aoz Byd uHl Stk (RDA, 2010).
ol wet 12} 32l s¥ols FEIIHA wA At A 3
T Bol 73 9 =5 FE v et Aok st |
2k - 32k gollxde A7) ol el olu] thEk 100 mmE st
e Fall ezt A REE stedof gt

weba] =olA] S0 A Al wiFE gulel olgS E=A st
719 g Tl Haske 4 lom, ek Alddle AA, &

Ak

Aoz Az,
SEuehs oldd) #5713 UE 79 - 890l EE A9t 3

Zulo] glo] Faho] Fel L w¥ Wslv} ol WA}, B4
s 9 =8 W Foly] daliE Aol HL AL B B
A 7} Aomae SoEe JFS vAA e 44 9F A
7% Aelsl] B7le HEd West At Bl LEnths
o W7l Wgald Aol AR 89 Sleol Yol
23 gAReR AR uhel] T A7)7E LE ol A
S71700] FolA Go] AT 4 Uk

3. IE AP MK =M

kg A7PE Blel A% BHoR B, A7, #A% 744

<, shaar, s 55 ¥ ST (Table 2 and Fig. 2ab).
AL 17 - 27F 359 62 TS 145 em oo E %

Agkon ggo] ZoALE Hx} gobd 33k 1l 648 skeol
103 cm, 43} 3520 79 AE<eol 79 em 2 YERdT) BAL 33}
o AR E 10 mn o) del} 1 o] Fell= 7HEeiFth
BAFE 17 - 23 g5l 137)] o de® Bon mo)
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Table 2. Growth characteristics of perilla (P frutescens (L.) Britton var. frutescens cv. Dayu) sown on different sowing dates in the paddy fields.

Sowingdates  Plantlength (cm) Stem diameter (mm) Branch (ea/plant)  Node (ea/plant)  Fresh weight (g/plant)  Dry weight (g/plant)
1 24, May 151.4=2.8° 11.7+0.3 15.3x0.7° 15.0+£0.4° 215.8+9.6% 74.1x3.4°
2" 09, June 146.6+3.4% 13.4%+0.5° 13.1+0.8° 14.8+0.3° 270.0%£24.72 87.2+8.3°
39 22, June  103.9%2.2° 12.4x0.6™ 10.0£0.6" 11.5+0.3" 203.2+26.6" 68.4+9.4°
4™ 08, July 79.7+2.4 8.80.4 4.6+0.8° 9.5+0.2¢ 76.4+8.6° 24.4+3.0°

Values are expressed as means =+ standard error of 20 replicates. "Different letters within each column indicate significant differences among

treatments by Duncan’s Multiple Range Test (p < 0.05).
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Fig. 2. Seed yield of (s)erllla sown on different sowing dates in the paddy fields. (A) inflorescence number, (B) inflorescence length,

) 1000-seed weight, (D

D) seed yield. Each symbol and error bar represents the means = standard error of five replicates.

leferent letters above error bars indicate significant differences sowing dates by Duncan’s Multiple Range Test (p < 0.05).

Hlate] 4z} ggellA] ZA 7HAsidh.
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=55 FASOH, T g 23} 33 =
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FPAGolA E71= 59 skeollA 69 A
B 717ke] ZJ_OW W‘:' 7t 2ARA =3
Aol vERTE BgF B 13 (52 ko)t 23 (62 )
14 A5 AT FE A 50% ol =EEHACH, 33} (69
skt 42 (79 ) M e B8] wlg WEAY Fs)7t
HRYEER] kTt (dlelEl mIAIA). ol2dt A= x}—e— UE o
A 93t wel 2 71 P73
ole] wg} 7L Aofx|3L AB7LE 7=t
83 Ao 43S Yepite 2a
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olurt A s sTele] mHE] A3 54 S o
WY1 UEO R B FU) Bele] G shgash shy
g wee] Axslel £8go] 27l Aske o AYzert
4. TES AD|E B8 M2 wis}

B8] B 45% o199 71%, 18% ol T, 20% of

o] erslEs XSl v dEel ddTEdeltt (RDA,
2010). T2 W FE FFe 47%=2 I A7)
o]2 Holx| ekgrom zthmMA ke wlE A)7)7} Ho)E
A Z7189ar A Skl 7hAsldch 28a BREE
1R} FFoM BT} 22 - 43} FFelM FTVEIIAL, 23 3
12} - 32k FEellA= o8 2ol HolA] §igkert 431 Bt
ZoME tha STk (Table 3).

S 49 Zg¥H=EF Fol rosmarinic acidS luteolin¥}
apigenin®l] Y3 "¢ £ FHS BYOH caffeic acide =5
HAEHA &4t} Rosmarinic acid 35 A17]7F =@ 4E EV\
Z718199.2™, luteolin?} apigenin 33} 95 Al 242t 152 pg-g!
109 pgg'22 EROH 43 FFXE IA FhEAT
(Table 4).
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Table 3. The proximate compositions of seeds of perilla (P frutescens (L.) Britton var. frutescens cv. Dayu) sown on different sowing dates

in the paddy fields.

Sowing dates

Seed composition (%)

Moisture cpY CF? c CAY
7 24, May 4.7+0.2™ 18.3+0.2 53.2+1.3° 20.5+1.2° 3.3£0.0
2nd 09, June 4.7%0.1 19.3+0.6% 48.5+0.8 24.3+0.3° 3.3+0.0°
3 22, June 4.7%0.1 20.4+0.22 48.6+0.3 23.0+0.12 3.4+0.0°
4t 08, July 4.7+0.1 20.6+1.0° 47.7+0.3° 23.4+0.8° 3.6=0.1°

YCP; crude protein. ?CF; crude fat. *CP; carbohydrate.

YCA; crude ash. Values are expressed as means =+ standard error of four replicates.

"Different letters within each column indicate significant differences among treatments by Duncan’s Multiple Range Test (p < 0.05). ns; not

significant.

Table 4. The proximate functional polyphenol composmons of seeds of perilla (R frutescens (L.) Britton var. frutescens cv. Dayu) sown on

different sowing dates in the paddy fields.

Amount of seed functional polyphenol components [ug-g" DW (dry weight)]

Sowing dates

CA" RA? Lu? Api? Total
1t 24, May nd 2,960+208" 103+8P 63+3b 3,127+217°
2nd 09, June nd 2,964+110° 125x11° 104=9 3,19490%
3 22, June nd 2,961+52b 152+8° 109+42 3,224 64
4th 08, July nd 3,472+120° 62+1° 47+2° 3,582+120°

CA; caffeic acid. ?RA; rosmarinic acid. ¥Lu; luteolin. “Api; apigenin. Values are expressed as means + standard error of four replicates. "Different
letters within each column indicate significant differences among treatments by Duncan’s Multiple Range Test (p < 0.05). nd; not detected.
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Bt} (Ramos et al, 2024). olgst Axe=
AT 35 A717F =i
g RSl o|aEEE FHE =
et al., 2023).
2 ATz

AEE 12 =& S

oz wasD (rﬂ Ie WW)‘

Than &

RSy I =

>

ki3
=1

[e]
a1
=
=

o '_l

S

=
©
2

=

32} 9 Al 71578 Aol & S Bl
Btk 2y 43; SigdlA] 5
Shape AR T rosmarinic
=4 veRgth 3§ luteolin
apigenin 49| S, rosmarinic acid®} apigenin 2] S
Holg Aeg ByHE ul 9o (Lee ef al, 2009), 43} F4oj|A
luteolin} apigenin $H&Fe] 74 rosmarinic acide] Z7ke} ZHA
= A o Hol q_
Sq) 224 1) zohz

¥

N

F4olX= luteolin} apigenin

wid o] 3715k & 9l
A

ot

ol %

O

3%

1, 24 23

rosmarinic

310

acid, luteolin, apigenins} 7+ 7154 49| W= 35 A7)0
e Y 717He] wsHERk ]"431' Mk & 2y o] F 571

Foto] 7)ol Slaf 715k Ao BT,
5. PN B
0 W T gFe AF AL 2185 7Hsie] 4%

aEo| A FE5 A 404 mgg! DWOE =Sk} (Table 5).
o 947 P Na= 75 A7) we} foju|eh 2jfo]& Kol
A gkkont, K, Ca, Mg BF 43} 950 =t} 22]a v
ZF Ah ol Feb Zne bzt 3319} 2xjollM EUL, Mne 3%}
- 47}, Cue 431olA ok =0T FU1ES 17k A7E fAlst
3 AL g EXlehs b EeF o)y, AlolA thekst Aslst
2 2 423 715 T (Kaur ef al., 2024).

B A dHEeE g8y FAZER] AR, ofnf,
%, dluElr] SAHOE § =2 Fe, Mg, Mn, Cu 59| Z<
g BEES TSI o] vhgat v dae] FEEeR o]
=5 Z9F Xt} (Longvah and Deosthale, 1991).
05_%011*13 E7 A W F1E e B2 Holn 53,
7} ZAASE Ui STsINE, 99 7] SH A
‘}EP 4zt 3o gk ZoF Helrh
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M

6. TES ADIY iAol seleijol day 24
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Table 5. Mineral nutrient content of seeds of perilla (R frutescens (L.) Britton var. frutescens cv. Dayu) sown on different sowing dates in

the paddy fields.

Macro-nutrients [(mg.g" DW (dry weight)] Micro-nutrients [ug.g" DW (dry weight)] Total
Sowing cates pY K? Ca* Mg” Na®” Fe? Mn” zZn® Cu? (m;u;r:egt\iv)
1 24,May 12.7%0.1™ 11.2+0.1° 8.1+0.1" 5.6+00" 0.1+00™ 84.8+3.2" 44.0+0.6" 87.4+0.5" 35.9+0.7° 38.0+0.3
2 09,June 12.8+0.1 11.5+0.1° 7.9%0.1" 5600 0.1+00 103.9+57" 459+0.4" 93.9+2.5" 384+0.8" 38.1+0.1°
39 22, June 129+0.1 120+02* 81+0.1° 5.7x0.1% 0.1x00 113.3%13.22 52.7+1.7% 86.9x2.0" 39.3x0.6% 39.1+0.3"
4% 08,July 13.1+02 12.3+0.2° 89+03" 57+00° 0100  99.9+41P 529+13% 88.4+2.0% 41.6+2.5" 40.4+0.3°

YP; phosphorus. ?

K; potassium. ¥Ca; calcium. “Mg; magnesium. Na; natrium. ®Fe; ferrous. ”Mn; manganese. ¥Zn; zinc. ?Cu; copper. Values are

expressed as means = standard error of four replicates. “Different letters within each column indicate significant differences among treatments by
Duncan’s Multiple Range Test (DMRT, p < 0.05). ns; not significant.

Table 6. Correlation between environmental factors and agronomic traits of perilla (P frutescens (L.) Britton var. frutescens cv. Dayu)

sown on different sowing dates in the paddy fields.

Growth parameters

Yield and seed component parameters

Sowing to Bt % Flowering to Seod
flowerin an em seed maturi ee 4 5 6) 7) 8) 9)
I ength  diameter Branch Node ty yield IN IL TSW CP CF FPP
GCDD"  0.884” 0.392” 0.742" 0.8237 GDD 0.796" 0.492 0.4917 -0.774" -0.432 0477 -0.597
T2  0.7137 06127 0.668" 0.678" TP 0.683" 0.438° 0476~ -0.771" -0.463 0.603° -0.585
TS  0.838" 0.278° 0.688" 0.775" TS 0.671" 0.4557 0472 -0.050 -0.204 -0.356 -0.234

YGDD; growmg degree days. ?TP; total precipitation. *'TS; total sunshine. *
seed welght 7)CF; crude fat. 8FPP functional polyphenols Significant differences at 5% level and 1% level (p < 0.05 and “p < 0.01).

3 £ 83 a4tk AEY I
RofA] vl Fastd], Au) X HedlAe] GDD,
4 u]x]7] wliEo]t} (Grimes et

?ﬂ%k—g— =9]
A= F
L3It (Kim e al., 2021; Oh ef al., 2023 ) Ao o)A
7 g Al71e mE 7 A% @A GDD, 7
ZAITE Bol A= G, S, 48 AR %JJr
t} (Table 6).

ol A FE E171A9] GDD,
o] A QolEL AR 7:17@’ B

gl [)e}

Z—]

4]

N
&
o
—r
2

sy

GDD,

(Yin et al., 2016).
2 Aol Sle] Pkt

A
71 WSEe] Beiska 9 BRIP4 219tk 53] GDDE

Zaspl agstel She] %ol 5 o] S8k AHeE
ROZ Holnl, 855 483} 5% d|ZolE GDDY} ol §¥E
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'IN; inflorescence number. ?IL; inflorescence length. TSW; thousand

o2 B3% v 9t} (Zhou and Wang, 2018).

opde] A¥vs EUE A W B/ e g
ol TS HHOH—E 6€ “F=rE sk At %
TE 25& 25 AA A BN e SAES g Y
1S a7 el 68 Fokeol dEsle A
Itk o] Al71el EAE AEE Hfole =
slom A, BAE, FEF, spes 59
T FEFE Bol 71 &5 7ldske vt
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] >\1 \ ox Mo
él{ o j&fi Mg
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7heol Bou 54 7hE, Foly F4- 59 ©]
JJBH7} ‘ﬂ‘tﬂow A staL lE}
Hsle] e Q4

2~

ok
T

OH‘
o

T IR0 7] A

UE A=olBR A5H THE
ZLO_E':IQ] =o Zﬂ\__i E?_h:}
EWH“ Hele g8 IAaE fA%=olH
Bol GRAY =M HAY FF A 1
A °J ZLE A W oA 2HEEA Y] TRV B
2 Belt},

g AAgTAE GDD,

é

(Yoo et al., 2014) =)
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QM - M - ZI|S
Q0150 AH, AR, BAF, FHESF 59 TG =4 Human Nutrition. https://link.springer.com/article/10.1007/s11130-
stz s 5o AA e 3EE 59 FAED Qo 024-01220-8#citeas (cited by 2024 August 21).

o . - = o e o - Kim DJ, Assefa AD, Jeong YJ, Jeon YA, Lee JE, Lee MC, Lee
FHE B ol B8RSl S NS dSshev 28 HS, Rhee JH and Sung JS. (2019). Variation in fatty acid
I AL o7 Helth composition, caffeic and rosmarinic acid content, and antioxidant

activity of Perilla accessions. Korean Journal of Medicinal Crop
20| = ' Science. ‘27:96-107. ‘
o = Kim 1J, Kim MJ, Nam SY, Lee CH and Kim HS. (2002).
Effect of seeding date on growth and grain yield of perilla in
B A3E 525 oAt EAE: =08 AlFRAE A middle area of Korea. Korean Journal of Plant Resources. 15:
A HA ZRAA AN, AN F:PI014381032022)2] ALl 5] 62-66.

o012l AT oo A=Y,
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