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Abstract

Taraxacum coreanum, a member of the Asteraceae family, is endemic to Korea and has high
potential as a medicinal crop. However, as the cultivation method for 7. coreanum has not been
clearly established, it is necessary to discuss the proper method by which to raise seedlings. In this
study, the effects of the shading levels on growth and photosynthetic responses of 7. coreanum were
investigated. The shading treatment in this study had five levels: 35, 45, 60, 75, and 99%, respectively,
designed with polyethylene shade films. The plant height, plant width, leaf length, and leaf width
were highest with the 75% shading level, while the root length, root fresh weight, and dry weight
tended to increase as the shading level decreased. The fresh and dry weights of the shoots were
highest at the 60—75% shading levels. Plags, representing the performance index on an absorption
basis, was highest at 7.13 at the 60% shading level, showing a trend similar to that of the fresh
weight and dry weight of the shoots. The maximum quantum yield of PSII (F,/F,,) was 0.83—0.84 at
shading levels of 35-75%, but it decreased to 0.74 at the 99% shading level. ®p,, ABS/RC, and
DI/RC showed equal significance levels from shading levels of 35—75% and belonged to the
normal range. However, these indicators of stress were highest at the 99% shading level, indicating
that setting an excessively high shading level could significantly inactivate the reaction center of
PSII. In conclusion, for the cultivation of T. coreanum under different shading levels, it is
recommended to utilize shading levels of 60—75% to enhance the shoot sizes and fresh and dry
weights significantly. Additionally, for significant enhancements in root length and growth, it is
recommended to use shading levels of 35-75%, specifically excluding the 99% shading level.

Additional key words: chlorophyll fluorescence, dandelion, growth evaluation, medicinal crop, raising
seedlings
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=317 Asteraceae) 2] o191 2721 WS Taraxacum) 73 AAC] €F 230001F0] B2 Q= A2 deiA glrt
(RBGK and MBG, 2022). RIS gtefatolA] a3g o 2 Eejmf Ul o5 oY, o, olkoll ARSIS.om T2 Tk
FAg AR5t Kang and Kim, 2001). SRUSH(T. coreanum)= A SFNSH(T. officinale)et B2 D4 & 712|121
Q1O H(Hwang et al., 2016), FEAFEZH ] =2 IAA7EA]E 21U 2L QEHLee and Lee, 2008; Lee and Oh, 2015; Hwang et
al.,, 2016). Y1522 & F=E-E(water extracts)= |9 g2lol] B} QLOH(Yang et al., 2017), Q¥ 5e], Zo|A feiH
= FEE At BHIE SN AES SN 7| AskEg 7idel = 87} Qe A 0 & B 1 E Itk (Ohet al., 2012).
dulEel=dA o= AgFrlsde] vlsl ¢lo] shetlwo] 1 Hie] F9= yitelrAol 8 4 catalase), Z Mol
B9k A(superoxide dismutase) T=F0] B =2 710 2 YERFTHLee and Lee, 2008). 2H-EH= thet Lol A £
0t e GIE 7R = 7 0 7 KB R0} 2FO M(Lee and Lee, 2008; Im and Lee, 2011; Chon, 2012; Oh, 2013; Park et
al., 2015), v]¥(Park et al., 2021), =3} A (Hong et al., 2021), A= 7H4(He et al., 2022)°1 = B3P} Q= Ao =2 L
EfsiTh T3t S9lEES] A FE221 FElZ W (luteolin)> SAE QMA| ZOF HI AN ZH| 59 A EAVE-S -FEghfal B
= {TH(Yamabe etal., 2014). T2 SRS el o] gt ok 8AFE =M of FA7FA] of] H]o A Y it TRt Ate oA Al
SHA91 Aok, g, AufAYitol] TRt Aol 9HA KRS RSB E BB ER AEY ARRE H ook B
FARN B4 1ot S HHEE Ssljof it Hof QA A itel] 7]to] = A H ol et A7t E st
SR SHf| ghe A Abgdra T QP8 A1) A ARe] 7ol mid E A1 0 & wohEc

2p s 2R3 (shade net), 23 2f(shade film) ¥} 22 Al w5 S-8610] 35|, o] et Q1914 g2l o] 2742
2, AP, ECF o] Aotel 22 e AEHARKEE ARt SHY] AEE Hosh=t] vl-g- GitHoltt
(Fowler and Chaffee, 2010; Semchenko et al., 2012). ZL2ju} I3 A2 2HE2 1 o] BhAF 38 carbon dioxide
assimilation)& A|FoHH o= A5 o] 24 A2 Q1 Gk vtk (Clouse, 2001). WA 2Pg5HE Qo F-& 4= QL
+ Ho R H g oo 2go = QI AlE0] A% Zhao] TRt At de- M efsoletth. Ho| Ads wdeh= 7%
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2 Atte] et ohER]9E durg o = 24, A, AAIF, O 25 F= 7o = kol gth(Kwon et al.,
2003; Bayala et al., 2009; Qu et al., 2009). ©7|°] tja]] &A1 v}y AR ZF el BS54 FF(chlorophyll
fluorescence) =412 5712 SEJITHH 2Pl AZ0 AEHAAJEHE & 4A mpeldd 4= 913 A0 & weter:, o] £
A7) Tkt gitol] 285 o] ghom| A2 0] AE|A 5 FAL] -85 AREE]0] SETH(Choi et al., 2022; Lee et al.,

2022a; Lim et al., 2022; Park et al., 2023).
ol Z oA = AR H O Al S 1ol Rt A Apgpe ARG o, Aol whe SvlE2 2o
REAZ A A Al et 71242 E A sl

Ol

AS2l=
2 Aol = THEE FRIA O fIAI6) = el 57 FRAE 2021E 4975 ol 2kt ATE|( Taraxacum coreanum)
SAE B Hob ARSIt A= 4571 3°C0] W E T ot Fr-S EFbAIZ O Imm Zo|= 51 Edjo] 17 FA}

1S TSI, o], B3 ol i 8 9ol WokS-2 84%i.
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ot om 24 fEHS 7120 & SHH(35%), e Bt £ PE AFH 14(45%), 24297 214 PE b3t
ZHZF 1, 28(A2 60, 75%), 2212 17 54 PE 2R3 14(99%) 2.2 Lo 2185kt 557 St iA
(relative shading levels)2] Bwgtoll thet A2 Table 19 E7|513c) ofuf, ZF xgA 2] P52 Fojg B2 A
(SpectraPen mini, PhotonSystems Instruments, Czech Republic)& &-83ato] Ad F o Hot FeHA TEEe
(photosynthetic photon flux density)E 43t & Byt gt} EFHAIE Altotaict. oo, 33t AU o] 42 @
S XA el o, g B2EQ 2 4019t AE -2 Aol -FHATE (Hanareumsangto, Shinsung Mineral, South
Korea)7} 5% & 1287 112 Ed|o]of| A A 2w 2] H(completely randomized design). 2.2 EFo] 175 17§44 & 1074
AV 35S v Aot AP A0) Bt 2o Pt *oﬂigEt Z}7¥20.2+£5.3°C, 55.6 + 16.8%H O H(Fig. 1A), AA7|7+
Foto] Wit 22k (cloud cover) 4.47 2EKokta) 2 ‘2F 57 £-50]thFig. 1B). T 5= 33] A3 53t

OANXRX =
Bz 24

grol e AUSH R BErES B flol 283 22, 24, G4, G5, G54 FAI(SPAD units), AV

oJ
SAlohee] BAET) 2HEE, SRUFS ZAKICE 4B 24L AR RNE 02 4BA] /1Y 22 HAE ]

O

Table 1. Light intensity and the corresponding shading levels for each condition in this study

Standard shading levels (%) Relative shading levels (%) Light intensity (umol-m™s™)
0 0 1868.4+151.4°
35 35.8 1197.9+200.2
45 438 1050.0+183.7
60 62.7 695.7+161.1
75 75.1 465.2+88.7
99 9.1 16.8+3.5
“Mean =+ standard deviation.
100 T T T T T ™ 100 10 T T T T T
A —— Temperature (°C) B
. 8ok —— Relative humidity (%) 80 = S st i
© = T Cloud cover
o £ ©
5 e0f 60 T L 6F R
g e ¢
g £ )
£ 40 140 @ 3 4f .
[0 2
£ £ 3
T ~—— 0 & 3 2 :
0 | 1 | | 1 | 1 O O 1 | | 1 | 1 1
B D D D A A I - T

YV Vv N Vv v
@é @'ZA @‘ZA @'Zﬁ @‘Zﬁ Bé\@ 300 @rb* @’b* @Qﬁ @fb* @’(}A 5\\(@ 5\\(\@

Fig. 1. Changes in air temperature, relative humidity, and cloud cover in this study. Cloud cover, O okta: sky clear; 1-2 okta:
few clouds; 3-4 okta: scattered; 5-7 okta: broken; 8 okta: overcast; and 9 okta: sky obscured.
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HRRE o) 7HE W2 1S 7102 olglrh. -2 7 71 el o] Zo]
AE4A(SPAD-502Plus, Konica Minolta, Japan)S ©]-8-5}0] =75}
ZPHEET 1024 & 39hE 0 & SASITh AT AEAE s EE
of| AZo] Rofuiar W El 7 ol A 12417 59 AHAA F AIX1 & S5t 152 7127|(HK-DO135F, HANKUK
S&I, South Korea)ol|A] 85°CE 2441759 EA5 XX § S0t 712 AV Ao BAlE Esa
Zoto] Eetahs FA ot o Tl A2 A () dt

|t

[e]
Wl 8 rulm

z=[(4—-B)/A] - 100 (1)

ARG 2] 0] ke vk Slnl 5| o] ] HH-g-& Ak | 218l OJIP 54 @3(OJIP chlorophyll fluorescence) &
IF =47 ](FluorPen FP 110/D, Photon Systems Instruments, Czech Republic)E AF&-
Sto] 23] A7 o] FUYRE 71502 SASI olnll, 954 FBAGE S| Aol A XA 7te| Eatlo] wh
2} 98-8 2] 27 (dark-adaptation leaf clips)& &-8-51o] 74 5915 oF 15—3& -8 AIA O H(PSL, 2022), AT F=
AQ12022'9 64 8Y ol 7+ HH=E 10214 &35 S751GiT. of 714 AlEe ﬂ 2|35 Z-go] 7t oAz 9
7S A7 ste] AT BAINY] ) YA &8 UElE F/Fa (2), 378 227 282 58 UEdle Op,
(3), 5354 (reaction center)d 3452 LFEH = ABS/RC (4), HFSSAIT 44 HFJL ol 7] 2] 9k = DIY/RC (5),
543 7|4k absorption basis) 2] 43525 (performance index)S BRI Plaps (6)= oFje} B2 4212 AHgatod AR Q]
Ch(Stirbet and Govindjee, 2011; PSI, 2022).

O

rl

F,/ F,=(F,~F,)/F, )
6py=1—¢p, = F,/ F, (3)
ABS/ RC=M,- (1/V,)- (1/ ép,) )
DI,/ RC=(ABS/ RC)— (TR, / RC) 5)
Plygs = (RC/ ABS) - |¢p,/ 1 =6p,)] - [,/ (1=1,)] (6)
SAAz2|

A A7t 242 SAS 9.4(SAS Institute, USA)E AF8-01o] ZAHEA(ANOVA)S =35ttt B H = p < 0.05
a529] ©719] th5A%(Duncan’s multiple range test).0 2 FAEA] 51Tt
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Fig. 3. Plant sizes and chlorophyll content (SPAD units) responses of 7. coreanum seedlings grown under different shading levels for five
weeks. Vertical bars represent the standard error, and asterisks (** and ***) indicate significance at »<0.01 or 0.001, respectively.
Different lowercase letters indicate significant differences at p < 0.05 based on Duncan's multiple range test (DMRT). Means were
derived from three replications (n= 3), each consisting of ten plants.
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7P = e oY 75% A o A7 Haoks e YAt Zeng et al., 2017). THH,
Echeveria agavoidesS}t E. marcus+= =A@} fAFH| ABg4520] oldag 22430 2 20| Solub= Ao = Ao
2 B 1| %ItK(Cabahug et al., 2017). FHEHO] -2 35 -75% 2P Wollse BA14 02 fom]gt 2ol 7t ¢l
O}, pg=p<o] Roldag 2ol ol Zeke BRlth(Fig. 3C). oA Atolld A719%x «ofE=VEl2 (Phedimus
takesimensis cv. Atlantis) 2%(Lee and Nam, 2022)3} HF&=H(Delosperma cooperi)(Lee et al., 2022b)= £ A3 o] At}
SF-FAFSHA ApPg=r<to] Yol a& o] S71oh= 74 ake UEIgIT:. ol2fgt Axk= At A 0 = AlEo] a-gefo] ol
ZF—E A1 50| Big] Aol & SHAIFItH= 7|& A ﬁi’}g’r A5 tHLee et al., 2020; Huang et al., 2022).
B2 AZE 20A g ZolE EAY gH A 719 FA 7HE B AE SHiA17]:=Tl(Oh and Kim, 2010), &
%Eﬂﬂ— 75% Aol 7P =2 St ?3% YR o Bt} =2 2Rg4=<31 99% APg=rEolA = s2itE
ZA o] o]z}go] glo] B B9 ATtS bl 2 0 2 FAHETKFig. 3D and 3E). £ A3 0] Ao} §AlslA S A1
(shade plant)2] 4E<1 FOJH|E 2124 ’(Hylotelephium telephium cv. Lajos) =5(Nam et al., 2022)¥} Amorphophallus
muelleri(Santosa et al., 2006)2] B2 75% APgd=ollA] 71 Ao 2= 710 2 yrebstet. 12{u $VH, Begonia albopicta

Lol

S} B. echinosepala var. elongatifolia=62% % _('r.—froﬂfﬂ GHA o] 7P WO B. cucullata var. cucullataE]'B. foliosa
var. miniata=76% <-4 GHAe] 7P Wld A E Ut 22 & YoMk Fajtt 2to| & B9 0 H(Jeong et al.,
2009), Z} ioﬂ b= A 2pgezeo] igh A7 2 Q3RS & 4= 91t =9l Asteraceae) Ol &3 A (Lactuca sativa) 2
BT 5 /45 AP (shade net)= 283 AdlollA 35% AFrd o G} FEol SEl= 2 0= Uesiti(Ju et
aL,2022)
A - 200+ B - {1 _100-C ** E
IR S
a = = a a
M ‘:E: 150 1 8 80 @ oAb e |
a B -5, a . g b
) © 60t R
3 g
1 > 100 - b 1 2
b S b 8 a0t -
b S £
16 %] | § 20 ]
<
w
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1§ B 40p .
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Fig. 4. Plant weight and moisture content responses of 7. coreanumseedlings grown under different shading levels for five weeks. Vertical
bars represent the standard error, and asterisks (*, **, and ***) indicate significance at p<0.05, 0.01, or 0.001, respectively. Different
lowercase letters indicate significant differences at p< 0.05 based on DMRT. Means were derived from three replications (7= 3), each
consisting of ten plants.
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HEA 5%)(SPAD units)i= Zt2} 45, 60% Ag<0ll 4] 41.27, 40.74 SPAD units 2 =7 YERE O, o] = AT H 02 =
2 FEE A 35% APg5Eol HIg) B84 52171 0F 18,8, 17.3% Ul - ATFSIthFig. 3F). T, BATE Hi=99% 2
FrEollAle 954 4%7120.92 SPAD units 2, FE4 5271 7H l;%ktd 45— 60% APg==eol| vlaf] <F 48.6 - 49.3%
= Wt 1.0 2 LRI 99% gt o] A1Z0] HE AN (light compensation point) s 22 71 Hrp e 3
FolMEdd 7159 Atz Qlof okt S40l| of2zo] IE Ao & Holw, o] 2 Q5] ¢ o] dhdo] A&, &
2] 3] o]H-3(shade avoidance response)©] dofit 71 © &2 H oIt} AvlA © 2 Ajar o] 37]7}1 F7| Axtete] whet -5 HA
A|2o] BE 7} Solx| i ofof whet FE4 422] E]E ‘%O}X] Aoz FHH

S B AR YA S HES2 60% AFFp<EollA 242} 696, 123mg O =2 7H T A S 0.1, 75% 2gp<F Slofl Al
535, 115mg 0 & LRt O L A 2 7to] FA12 0 & f-oJnfeh Aol = §l= A 0 &2 FAH Itk Fig. 4A and 4B). M7 Aol Al
Aglaonema brevispatha cv. Thai Snowflakes 2} U35 Podocarpus macrophyllus var. maki)y2 70% APg=<=oll A 7 5
AL AR AWASS FER IR Zi_i H %Gl oM (Jeong et al.,, 2017), 0= A7) AT}t A F -FAFSHAH: 9, &
S5 T 470, 35% Aol M 7S FAR AV AAAISE UEhdle A oE BAE It Ju et al., 2022).

AP P 60% A% —.—501]/\1 82.3%% 7P =7 Ut ARlS | e AT ez fefdas Ao
A= B S Ak 540 lES 4 4 AT (Fig. 40). AV ‘”Zﬂ% eI = A7 A 9
DET2 Aol Roldas FANAE e BAlo, 35% APd<rollA sk BAIF Ae5-2 242 390,
173mg2 7P =] UERE O 45 — 75% 2Pgr3t 5A1H 0 2 f-olu]gh 2tol= ¢l 71 0 2 VP TtHFig. 4D and 4E).
SHH, 99% Apg=rEoll A= Aok AAE 74%%01 Z¥711.7, 0.8mg O &2 7P A Uepdth SA4E 5 el e F1
(Hepatica asiatica)y'=52% 2Pgroll A 7P =2 Aot 425 HEr .2 H(Jeong et al., 2015), —rl?r- Fgol w3
2 oA AASH= A. muellerinz Z|oF50) g ok= HH(corm) 2t K cormels) 2] A 50 75% 2Pgd=<coll A 71 A
A 710 2 ZAHE] It Santosa et al., 2006). SIS H.0] 2|51 4232 60% Aol A 58.9%% 7H =71 et
U 2P g tgo] ot Aok o] et ' e o7 mokAlE el Sle Ao & HeltkFig. 4F).

%%#%%ﬁﬁﬂi DEARSABRLAN AL 50| 39 A% A 1 G, BT S0
GED) o A1 WellA] A AL Wstel, 2|50 A9, 2ATHIANE, AEF LT 99% Y42

60—
9@£%%4ﬂ§ﬂﬂﬂ%ﬂ%ﬂ%%%%1H%%Mﬂﬂﬂ%#fETioﬂf%ﬁﬂiﬂﬁﬁﬁ

fijo
_E
rlo
ok
=
il
=
ol
o
ol
d
2
rE
olo
p
Jt
o{x

AP e] g  Whe Aol thfet AvE LB T Table 2). B54 3 o7
S BB SEIAE T2 952 A541E9] 77 0.78 - 0.842] Helol &3l 2] A4 &2 Uehlie vz

Table 2. Photosynthetic responses of 7araxacum coreanum seedlings to the shading levels for five weeks

Shading levels (%) Fu/F Do ABS/RC DI/RC Plags
35 0.83a” 0.16 b 1.83b 0.30b 5.05¢
45 0.83a 0.16 b 1.72b 0.28 b 6.28 ab
60 0.84a 0.15b 1.68 b 0.26 b 713a
75 0.83a 0.16 b 1.77b 0.29b 5.65 bc
99 0.74 b 025a 2.87a 0.80a 1.75d
Signiﬁcancey ok ok skokok sfeskesk skeskesk

“Means separation within columns according to Duncan’s multiple range test at p <0.05 (n=3).
Y#**: significant at p <0.001.
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2251 QIckButler and Kitajima, 1975; Paillotin, 1976; Bjorkman and Demmig, 1987; Genty et al., 1989; Govindjee,
1995; Govindjee, 2004; Yoo et al., 2012). F,/Fy2 99% g2 A| Q] et B A 2] FLo|A] AAFHT ool Ao 2 Bk
R0, 99% 2G| A= 0.742 o] ulshA] WA Ui At 0 2 FAT(PSIT ] ¥H8-5-4 (reaction center) Y57t
2% H a2 & Qlglom, At 0 = o= obA S R oA g A H ASEY A T FAARN F
= HE Aot AXsteiet. IHA Aol M 2T Camellia sinensis) Bz 528 S8l Fy/F,7H /g RT Bk Wolx]=
A0 = L 01 95% Aol A d/dredl Ao = ‘/}E]"% A 2pg=p<E slolAe ol g el 37824 9
FSZE 5 82 &4 Ak(Shim and Jeon, 2022). HH, T4 P AEE 58 et Op=99% 2
Frolld 0252 71 = e T sHA =2 1}“’}—/1\}'*0— BANY RFFA GRS A7I= A 0= Helrk ghy,
35—-75% AFF T = Ope’t0.15-0.16 505 U OH, TAA 0 2 fomfgl Aol= gl A 0= A= QIch
FE4 G A 5] ABS/RCE HHSS4HE] u]sﬂ-}dg T2 A 0 2 moleh 4 §li= AT} Eltk(Spoustova
etal.,2013). o[, & Aol A] 99% A< StollA] Al DRIS2 2.2 ABS/RC=2.87% 7 = e B2 AdH

>

‘.4

E

L_E
S 7 AR I 02 8 9 U500k WS FUT oIl st ey
flux) S Leh 5 ol A% DIJRCE FyF, St Oy, St 21 2B 2| HE 30712 2 99% A95-20014 0.802

2 7P = vehgo o, whebA Ao 54 o] At © 2 =0 H|ZHA AT 98 & 4= Q1T Lee et al.(2022¢) 2] A4
Fo w2 2 7EA] A AN EEL 123} G457 A A ATA 0 2 1T ol F e A FAEH AR Qls)

o] DI/RC7} &0 = A 0= eyt

Plxpst= S 872 7] (absorption basis).0 2 ot 35| 4=CH(Srivastava et al., 1999). S A H=F S ATE F
Slo e BAIL] 9 o 2] 5452, Azt Ad a8 9 Azt 14 §-80] 1gto|thThach et al., 2007). Plaps= 3
A 7]—?—4 ZdbA] ol & 5 LFER ™ (Strasser et al., 2000; Ziveak et al., 2008), A1-&E2] AAAA-S YEfl= 2| B2 A

ool

AtH(Oukarroum et al., 2007). 4 ATLNA] Plags=60% AFdr<eollA 7.13 0.2 7}%* LA UJEPdTh Plapse G4 A5
e A0l 2V ARSI AEFel 7P =3 E iﬁ% 5 PRI 60% APg=r<r2] Aot UX|6H Plaps7H 0t
AFE SRE| ) o 2 HAEIRE-S T o Y2 A 0 & njoldt & °‘°*E}

AEA 0 8 2pgrie] fE VS RO e B4 G54 7 HAVHE 7o 23t oA vES-5 AL
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