Received: March 3, 2022
Revised: April 5, 2022
Accepted: April 18, 2022

& OPEN ACCESS

HORTICULTURAL SCIENCE and TECHNOLOGY
40(3):286-295, 2022
URL: http://www.hst-j.org

pISSN : 1226-8763
elSSN : 2465-8588

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License which
permits unrestricted non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright©2022 Korean Society for
Horticultural Science.

RESEARCH ARTICLE https://doi.org/10.7235/HORT.20220027

2L 218 22101A eh= 4t SH|H|2| EY S
o' © - AR - RO - AP D - Yk >

"M A|eHEtn SHEQI0]St, 2 AMSAIRICHSI ATt

Growth Responses of Korean Endemic Hosta minor
under Sub-Optimal Artificial Lighting

Ha Ram Yang'@®, Yeon Ju Park'@®, Min Ji Kim'@®, Je Yeon Yeon?*(, and
Wan Soon Kim'-%*

'Department of Environmental Horticulture, University of Seoul, Seoul 02504, Korea
Natural Science Research Institute, University of Seoul, Seoul 02504, Korea

*Corresponding author: wskim2(@uos.ac.kr

Abstract

To check the availability of indoor plants, we investigated the growth and photo-physiological
responses in Korean endemic Hosta minor for three months of artificial low light conditions (10, 30,
and 50 umol'm'2~s'1, abbreviated as L10, L30, and L50). In the L10 treatment, the growth indicators
leaf number and size, shoot biomass, and tillering capacity declined by 20—50% decline from the
initial values, and those were maintained or slightly increased in the L30 treatment and significantly
increased to 200—300% in the L50 treatment. The light use efficiency values supported this result,
which were —0.12, 0.04, and 0.16 in L10, L30, and L50, respectively. Growth adaptation to the
indoor artificial lighting took four to six weeks. Net photosynthesis also decreased from the initial
value after four weeks but increased in the ninth week, showing significant differences among the
different light intensity levels. The light compensation point was 17  6.16 pmol-m™-s™, and the
light saturation point ranged from 200 to 350 umol-m™-s”. Regardless of the light intensity, the
F./F,, values were 0.79 to 0.83, indicating a normal level, and the OJIP curve also showed no
significant difference. These results indicate that the low light intensity of 10 pmol-m™-s did not
damage photosystem II but gradually negatively affected the growth of Hosta minor. We concluded
that the minimum light intensity is 10 to 30 umol-m?-s™ in Hosta minor and requires four weeks of
low light adaptation.

Additional key words: chlorophyll fluorescence, indoor plants, light intensity, native plants,
photosynthesis
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1 4= Atk Bang et al., 2013; Kwon and Park, 2017). £} 277} | wofA] A/ A & A 33 4
R:rl%*EE}L @3] @7] wloll(Choi, 2005) W-24Jo] 47t 2120 Az Eo] G €
So] A &35} A1) hHE-S AR5k JTHKim et al., 2013).
e =3t 9 Y /o] F7FotA T4t E Y AlEol| oigt et =87 F7Fokal 9LOH(Shin et al., 2011),
A =3t 2Afjof]| et EAT b a e H @ Rk Aloleh A ALES] AU = A= o] 75 Gong et al., 2018), /35 FAF
(Choi, 2007)7} A= O M, HALE, Wiko] T AW L4 75 5ol e Al 371 45 Gt B uE kKo et al.,
2007; Kim et al., 2010).

84|35 Hosta minor, Korean hosta)= §H EAL 1050 2 71 AB. A Ad 5 A=t 24 d2] ExstH vjH|3
(H. longipes)2} HIZ=5IA|gE A1 4 0 &2 ALEA7F2F A of| 2] 9] 3-8 7FA| 21 Qltk(Lee, 2006). -2 Fe]oll ] Z28ot B2
Fo|1 o] 10em FE A WHEO| 2 AdA|o|H 27| YRR SET 226 - 790 AT AT o = 0w, 52
oF30cmE M| 2E0] Qlal 250 O & AN F/JRAE o2t it Eo] A8 7He T thd A St x8k= =4 it
AR 2P FADIA = T 77 oA A AlE R 9] o-8d o] =7 B7HE 1 Sith(Jo and Kim, 2017; Lee, 2018). 2
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FHHIFE= 20201 129 SHPRU 2R YA R 2= Wt AeAlH ek 28 oot el oA T4
SFAAL, st 29 A719F A7t LA AAIE Aol A=A 5z o] 85t 20219 74 12 A AAlS=

ZetAE SRE(7.5 x 7.5 x 7.0em)°] Y& A& (Baroker, Seoul Bio, Korea) SOL2} 73 9F2{(Osmocote, EVERRIS,
Netherlands) 4543 Z31aH )2 E o] @slo] Aol 257124164 Zat A 7T A =9 A] AS 717-8 glelslr] 9l4]
H O] OIS A A ekttt 271 A A 271 91el A9 A A, FA71(FE < %), SPADIH(SPAD-502Plus,
KONICA MINOLTA, Japan), §H2|(LI-3100C, LI-COR, USA), A5 71852 AP o %7|%k(initial value,
07:3) 0.2 SH451AHn = 10).
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e 32|
Ae22021 78 2645 H 109 272781 3718 (135)3F 1 = ATk, A2 Al et 78 ope] A+ A A oflA
AFEAEN AU Ajul 71 E(Sun Garden, SENS MAM, Korea)E -85t A LED 33¢). 2] B 7] B HjH|E
(H. longipes)®] FHAZ(Zhang et al., 2004)7} AEo] EQlEl= A}“ Aol offE AMC] Pk 4EE d1Eolo]
IOumol'm'Z-s'l(LIO) 30umol-m™?s™(L.30), S0umol-m™-s™(L50) 35522 AA5HATt. 42| Pt Aful 7] Eof 2] 5]
+ dimming controllerE 0|85} & 10cm %£0| 8 7|50 =2 *‘1@6} ATHETE B A, LI-250A, LI-COR, USA).
o_goal 15712 16A17E0 2 T AT A 717 S AU LE P ATIS S22 4 5°C, 43 + 10%2 2451511, Aol =
=3o w2t 1 23] 50 2 TET 150mLA Y=ot int. FHH|0) % 9 A2 4 B/ HalE Hlwoh| flof =
7] A S ZARE AE 1070A1E A7 17 59t Aol EE & sttt

0
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‘A2 ZAL
e 252HE 4FE P02 294, A, FANEE x GF), SPADFE RARHIT T FHA(LI-3100C,
LI-COR, USA)¥} 2V 21E3(70°C, 72*17} Az 1714 7&’%‘ 0= 4,9, 13572 o SASHGAT A7 |7HEt AU

ZHmg/day) 7} Fo]-88-8(g/mol)S Z71ZH052H) T} 1353} GAESS o] 8o A the 402 ALtsiact.

« T mg/day) = [(13F4F B@AES) — (054 B7ED)) / A27IZHY)
« Fol&R-E(g/mol) = [(1352 FHEDS) — (072 BU=D) / TF23F

[= M=) OO
P S 1Y THELR 4, 9, 13531 AAletn ZHAE 7Y & 42 oo FAdS7871(LI1-6800,
LI-COR, USA)E o]-&sto] A5 kg, 3717*(1n1t1a1 value, 052H T} | Wopt}. 3ot ek 742 1357} of| HA|

519120, 3 (photosynthetic photon flux density, PPFD)E-0, 50, 100, 200, 400, 600, 800, 1,000, 1,200, 1,500umol-m™-s™
10 520 2 AASIT 935 1 A5E 347 5o A5} 1:](11 3). % o= A 7)o A Y ERZ AL 25 23°C, A&
50%, CO, & 400ppm, 57|14 400umol-s"' 2 FLs}7 A7gsSict.

QE2YY 2L SUPAT 245 FUsP 14 VA0 4, 0, 1357l AAsKAT. BRAHZA7I(LI-6800,

LLCOR, USA)S) R0 %% &4 71 ol sld ATk, AP 1 2 0 e 2 a0l 15 4 A0 9%

T -1 0

ZH(Fo), HHBFE(Fr), 5 FFEHE,), H] FSHH EEF/F,) 59 7|2 oSS %zﬁwtl(cmi et al,, 2022a).
OJIP AL 5U 7715 }%6}04 135210 Z751thn = 3). HH #3 Fgof 2 AEHA J 5 Yol 1A} 135

zo]| @golu| 2 A 7](FluorCam 800MF, PSI, Czech)= O]J(lﬁﬁ quenching kinetics analysis .2 2 non-photochemical
quenching(NPQ)£} photochemical quenching(qP)E S5 TH Yoo et al., 2012)(n = 10).

%

A2 SEAQOTElA] 10784 520 & M AGIT) SAEA T2 732 SAS 9.4 (SAS Institute, Cray, NC, USA)E o]-&
51 ANOVA £-4(analysis of variance)”} DMRT (Duncan’s multiple range test) & =015, 0™ 42| &H&-2 5% 52
= st

o
Ay e

A 0 & A 5591 L10ol A= Aol HAlska Qo) 35t @A WotthFig. 1). 2718H054h T vl w e uf 42 7]
ZHU A o] AR ¢ar @8] e Aol AR QI et GA71= 2718k thH] 22 48%, 22.5% FHAoklth(Fig. 2B
and 2C). 5 L300l 4= 272k} Bl s B2t B1717138.6%, 11.6%, L50TAE200%, 60% 7151t 0] 4L 7]
Z HHI3H(H. longipes) 2Pg A@NA Q1] B3It GARRE ZA7to]tHKim and Lee, 2009). ¥4 AR 221 £E 94|
L109IAE 7 2] 9190, L3072 L5001 A= 351,571, 2,372 Vet thFig. 2A). 238 2 A0 2AEL 71 A1 8L
HHa 0 2 o ZolE AU GHAS H6 8k 52=HI(0h and Kim, 2010), 2 A3 of|A 452} 0] 9 HE
AR 7S Btk SPADEE] A9 4527 = A 7] 27k 2o 7} glo] GAsHAl A=kt o] % Looll A At d o=
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Fig. 1. Growth responses of Hosta minor grown under different indoor light intensities for 10 weeks. The largest leaves
were collected in each plant. A, B: initial growth state in greenhouse (0 week); C, D: 10 umol-m2s™; E, F: 30 umol-m2-s™";
G, H: 50 umol-m?-s™. Scale bars mean 20 mm.
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Fig. 2. Changes in growth indicators of Hosta minor grown under different indoor light intensities during the treatment
period. A: number of offsets per plant; B: number of leaves; C: leaf size (length x width); D: SPAD value in leaves. L10: 10
umol-m2-s™; 130: 30 umol-m?s™; and L50: 50 umol-m™?s™. Vertical bars mean standard error (n = 10). *, **, and ***

indicate significant at p<0.05, 0.01, and 0.001, respectively, by ANOVA.
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Al A1 H, L500 A= 25]2] 2713t T 25% A45kth(Fig. 2D). |22 At 08 W g oA A2 lo] &t
GolA] GO 71E Qlo] F4Et G52 XA Sloll FR4 e 52l v Ao MSkE & A= oot AP
A B=0] Wl P duE o, 2 Aok FR[HF = AU Tlol the oF 4710 2g A8 77l A8 H Ao R
woHETh AR A9 717t U= GHAR G002 Ajo| 5 HolH Frt UER AAasiglthFig. 3). GHESTS
2 A AT me/day ) L10, L30, L5094 Z+2F —0.07, 0.07, 0.4, A2] 7|7t 5 o8-8 (mg/mol)2 —0.12,
0.04,0.16 02 Fr7t =555 S715ItHFig. 4). QUG 717 T A 0= o] #5575 FehteE 545 115t

2|51 S Z7HA 7= Akt -G AFSICHPark et al., 2021; Zhou et al., 2022). $HH L10oJAlE 25 29| 3
Ho] AAA QAo o] F|2| 2] ghatom Q6]8 27 HT AATES & 4 AL, L309A = tha S 7 ol AR Kol

ZH]H]59] A% M - 10— 30umol - m™>-s” B2 2455 Qi
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Fig. 3. Comparison of leaf dry weight (A) and leaf area (B) per plant in Hosta minor grown under different indoor light
intensities for 13 weeks. L10: 10 umol-m?-s™"; L30: 30 umol-m™?s’™"; and L50: 50 umol-m?-s™'. Vertical bars mean standard
error (n=10). * and *** indicate significant at p<0.05 and 0.001, respectively, by ANOVA.
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Fig. 4. Comparison of the relative growth rate (RGR, A) and light use efficiency (B) in Hosta minor grown under different
indoor light intensities for 13 weeks. Vertical bars mean standard error (n = 10). * and ** indicate significant at p<0.05
and 0.01, respectively, by ANOVA.
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Fig. 5. Net photosynthesis of Hosta minorgrown under different indoor light intensities for 13 weeks. L10: 10 umol-m2-s™;
L30: 30 umol'm?s™; and L50: 50 umol-m?-s™. Vertical bars mean standard error (n = 3). ** and *** indicate significant
at p<0.01 and 0.001, respectively, by ANOVA.

Table 1. Chlorophyll fluorescence in Hosta minor grown under different indoor light intensities for 13 weeks. L10: 10
umol-m2s; L30: 30 umol-m?s™; and L50: 50 umol-m2-s’’

Light intensity Growth period (weeks) Fo Fn F, Fy/F
4 266.28 cd” 1521.47b 1255.19 ab 0.82 abc
Control
(ereenhouse) 9 24231 e 1434.66 bed 1192.35 be 0.83a
13 252.50 de 1465.53 be 1213.03 be 0.83 ab
245.64 cde 1378.28 def 1132.64 def 0.82d
L10 9 246.79 de 1379.88 c-f 1133.09 c-f 0.82a-d
13 255.82 de 1423.68 cd 1167.86 cd 0.82a-d
256.45 de 144582 f 1189.36 f 0.82d
L30 9 260.30 cde 1416.50 cde 1156.20 cde 0.82 bed
13 317.65a 1519.22b 1201.57 be 0.79¢
292.39c¢ 1454.00 bed 1161.61 cd 0.80d
L50 9 250.33 de 1335.10 ef 1084.77 ef 0.81cd
13 297.29b 1603.21 a 1305.92 a 0.81 bed
Significance Light intensity (A) ok ok ok rhE
GrOVVth period (B) skokk skekok skokok *
A X B ksksk skekok skokok kok

“means separation within columns by DMRT at p < 0.05 (n=3).
* ** and *** indicate significant at p <0.05, 0.01, and 0.001, respectively, by ANOVA.
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S ThA) 7451900 o] 9lo] 1eslof el A 0 2 Lol v 7]2.0] dgko e 3t Lioo|H 8l +geie
o] Z7K AL BAAAFO] AV oo} 1l 912 A0 2 AT, UNHA 0 2 AL 2N T To] F7H5t] 7
AHEAPE)) 2ol 5P 9ego] ABHEI AR Lee et al., 2014), 20umol-m™s” oJ5h EZel A= ABAIS] ke P45

o= Qlof| MAPAGAIE Bt FF e D DAAAT WA o] AL E7FE0E] tliZo|th Wen et al., 2005; Torres et al.,
2021). THbA L1094 LAIZE1 A 2B A7HEAYS ol i FH /g3 (9umol - m™s™, Fig. 8)2] 2 P & Qlofx E4
AtAegol] SJ3t FA &4 woi7t glgks A o= A7t

UFA O & Fy 2 Fy/Fo 37 1 2] /-2 et 1L g AE || 2o thet Al E9 §hE 2| E 2 o] 8 Fth(Sung et al., 2010).
Fo= A8 U S5 801U A7F3A T BHFA 0= o) Fol| d A5A2RE UEs]e 392 ok, Fy/FuZ BA T
o] gatel -8/8-& Uefll7] whizofl(Chung et al., 2004) A0 A I 7F /35 H UHFE 0 2 Foi= 5710k Fy/For A4
SFth(Lee et al., 2019b). Fo@} Fini 54 tegel Hl|ol= B/ 711 H 14 A& oA e Fu/Fp 0.78 —0.83
HL2 A4 AIth(Lee et al., 2020; Choi et al., 2022b). & A3Jof|A] 1352} HAYRE A2 AEH A= PMIRRS A
AZARE, 110, L30, L50 25 Fo/Fip 7173 M2 UePstth(Table 1). o2& AW 233 2 22 AEHAZFEA T A|2H-
of| 217421 A4S op7[okAl = gk om, Ed] IE A2 ONP =4 miglo] fAbstal o] Mgo] §19l7] wiEel(Fig.
6) L10, L30, L50 25 FA I 2] F2oHd 8k 85 2foli= A2 §Ild A0 = woberh

Heler AT NPQ= ZaVdH| ] 9 o|AE dollUA|= WEste] A=A W F Hof A4S fshA Hot
(Murchie and Lawson, 2013). 2 213104 110, L30, L50 25 NPQ7} tiA| 2 WtA7H0.39 - 1.12), =7 S71-2 &
oA 0 & AFSRTHFig. 7). o142 FHIH| 2] 23g 283t TR, 4/d21Q1 vlgeletd] gAE v Bty &
AoH, B F7o] IE NPQ /-2 4 H9] W= ket 2t Aol ARgE= oy (el Fotetd A P
NPQEHFZIA| 2 A} ol A 7t =255 57 Kol 3ith WA Fig. 4Bol| el 2ol LsoollA Fol8a-&o] 7P 45
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Fig. 6. OJIP curves in Hosta minorgrown under different indoor light intensities for 13 weeks. L10: 10 umol-m2-s™; L30: 30
umol-m?s™; and L50: 50 umol-m?-s™ (n = 3).
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I AL L5004 F=24 FEHSPAD)C] 7H kAT Figs. 2D and 4B) qP= 26|2] 7P =917 2.0 2 sjA =tk Fig. 7).

ZH|H] 3] BRAFHL 110, L30, L5004 2249, 24, 18umol m™> s & 37} g2 dol| = AgkS LR T B
17 £6.16pmol-m?-s™" 2 Z1 | Q1ck(Fig. 8). FAESF GA] 212F200, 300, 350pumol-m™>s' & P 7} zobAa2 271519
ot FEt -2 2 ollA] Gyt o & AlEo] FRAFE I 3PSt o] Wolx|=H, L102] et FEA 9umol -m™ s 7}
719] fAksto] L10of A= A 231 F3RHE F2]0] o] 2] 2] ¢S5kl o] Zlo] Fig. 404 L109] P4 =t Fol-8a-80]
0] ghe Hehlie 29E 72 A o2 A7) Bl Yok Perunia Pretty Flora’)7F 4380l 4 3g3/d 2]l mh2 A%
W ehpdlE ol gaet AvtE S91e 4 dth(Kwack and Lee, 1999). whehA L1004 ] FH]H] 50} o] Atz o g
Uhego] ARt AR 3 e ofstell A= A Exdo] E71 e A 0 & YRt Lu etal., 2003). £ A3l L10-2 34|
I £4& 7 9 A= SRR BEAF oot 20 2 Ao /da 0 &2 =] b2 2 0 2 & 1] 10pmol - m™ s 2] FF

o
2 FHH1E A abiotic AEEA 40 2 BRIk AR 02 FululFo) AV UHE T Y AR A E4S 1ot v, Ay
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Fig. 7. NPQ and gP of Hosta minorgrown under different indoor light intensities for 13 weeks. L10: 10 umol-m?-s™"; L30: 30
umol-m™?-s"; and L50: 50 umol-m?-s™. Vertical bars mean standard error (n = 10). ** and *** indicate significant at p<
0.01 and 0.001, respectively, by ANOVA.
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Fig. 8. Comparison of light saturation curves in Hosta minorgrown under different indoor light intensities for 13 weeks. A:
PPFD ranges from O to 1400; B: PPFD ranges from O to 100 in graph A (left). Vertical bars mean standard error (n = 3).
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T A - 10 -30pumol-m™ s 9 E THAE]H 10pumol - m™> s oJ5H= & °
o} ghH FH]H|F2] 79 B 50pumol-m™s! of5Fe] A BF | E S A9 45 F o] A-g 7]7to] - ER= A 02 E1]
L]

Sk EARXE ZH]H|3(Hosta minor) 2] A 018-2 915} #4133 271(10, 30, 50pumol-m™-s™; L10, L30, L50)01W 3714
A7 ARGt g A e B ZALSHITE Qo AV, B A B 27187052 h 3 H]wste] L1094 = 57t glo] 2
]2 7H45FAa(20 - 50%), L3094 AR =AM 2 5716132 3(10 - 50%), L5041 200 -300% G502 AA]
SHA| golstth A7 52t A& F7RE-2 L10, L30, L5014 —20%, 10%, 90%, Fol-8a-& SA] —0.12,0.04,0.16°2
Ut gt i 472 die 2713007 2h ot @5]8 Astgl o, 952 o] 5 F7kshH A2t frofgt 2ol & B
Atk Bt FHEAFEL 17+ 6.16pumol - m™>s™, FHEIFH-L200 —350umol-m™>-s™' 2 ZAE| ]}, Tl THAIglo] RE A2
TFo/Fm 22 0.79-0.83.02 A 558 LT, OJIP 341 GA] 2 20| 5 HolA] 23ttt ool Al 10umol m™s™ ]
Fe Z2FAN 82 7H4 QA = ko, S A7 = HIEA 2B~ @Rl o & ZF5olgity ARH o &
H]H]Z2] A 0] 8- $JaliAl = 45:7k2] Z-go] P s, T = 10— 30pmol - m™s™ 2 T

-|\)j||
1
B
2
incs
J

2N
ofl:
9E

AE, P, ISR, B

Literature Cited

Bang SW, Kim JY, Song JE, Kim KJ, Kim DH (2013) Effect of the bio green wall system for the improvement of indoor environment. J
Korean Soc People Plant Environ 16:415-420. doi:10.11628/ksppe.2013.16.6.415

Choi DS, Nguyen TKL, Oh MM (2022a) Growth and biochemical responses of kale to supplementary irradiation with different peak
wavelengths of UV-A light-emitting diodes. Hortic Environ Biotechnol 63:65-76. doi:10.1007/s13580-021-00377-4

Choi J, Kim J, Yoon Hl, Son JE (2022b) Effect of far-red and UV-B light on the growth and ginsenoside content of ginseng (Panax ginseng
C. A. Meyer) sprouts aeroponically grown in plant factories. Hortic Environ Biotechnol 63:77-87. doi:10.1007/513580-021-00380-9

Choi KO (2005) Growth responses of indoor plants according to light source and light intensity. J Korean Soc People Plant Environ
8:73-80

Choi KO (2007) The growth responses and photosynthetic activity of autogenous evergreen fern under light intensity. J Korean Soc
People Plant Environ 10:1-8

Chung HS, Lim Y, Park KE, Park SY (2004) The effect of NaCl on the chl fluorescence of barley (Hordeum vulgareL.) leaves. J Environ Sci
13:1015-1021. doi:10.5322/JES.2004.13.12.1015

Gong GY, Moon YH, Park HW, Kang JS, Jeong KJ, Yun JG (2018) Growth response of native moss plants according to indoor low light
intensity. Hortic Sci Technol 2018:152-152

Han SW, Jeong M, Kim JH, Jung NR, Kim WY (202 1) Changes of the floriculture varieties in the market distribution for indoor & outdoor
garden use. Hortic Sci Technol 2021:167-168

Jang HS, Kim KJ, Yoo EH, Jung HH (2016) Impact of indoor-garden in the public building of lounge to the psychological effect of resident.
J Korean Soc People Plant Environ 19:167-174. doi:10.11628/ksppe.2016.19.3.167

Jo H, Kim MY (2017) A taxonomic study of the genus Hosta in Korea. Korean J Pl Taxon 47:27-45. doi:10.11110/kjpt.2017.47.1.27

Kim GS, Lee JS (2009) Growth reaction of some ground cover plant in Korean native greening according to shading levels. Flower Res J
17:75-80

Kim KJ, Jeong M, Lee DW, Song JS, Kim HD, Yoo EH, Jeong SJ, Han SW (2010) Variation in formaldehyde removal efficiency among
indoor plants species. J Korean Soc People Plant Environ 2010:87-89. doi:10.21273/HORTSCI.45.10.1489

Kim MS, Chae SC, Lee MW, Park GS, Ann SW (2013) The effects of LED light quality on foliage plants growths in interior environment.
J Environ Sci Inter 22:1499-1508. doi:10.5322/JESI.2013.22.11.1499

Ko YM, Song JE, Han SW, Oh JK, Kim YS, Sohn JY (2007) Variation characteristics of HCHO & VOCs concentration in indoor space by
adoption of korean native foliage plants. J Korean Inst Archit Sustainable Environ Building Syst 1:43-49

294

Horticultural Science and Technology



AL 2 2200 312 S4 BHHIZ| 4 912

o O Lo

Kwack HR, Lee KM (1999) Effects of different seeding dates and light intensities on the growth, flowering, and photosynthetic
assimilates of Petunia. Hortic Sci Technol 40:265-270

Kwon K, Park BJ (2017) Effects of indoor greening method on temperature, relative humidity and particulate matter concentration. J
Korean Inst Landsc Archit 45:1-10. doi:10.9715/KILA.2017.45.4.001

Lee CB (2006) Colored flora of Korea. Hyangmunsa, Seoul, Korea

Lee HJ, Hong KP, Hong SH (2019a) A study on the change of mood state by experience of indoor garden -focusing on the vertical
gardens-. J Korean Inst Garden Design 5:63-68. doi:10.22849/jkigd.2019.5.1.008

Lee KC, Chun KW, Kim SW, Yun JU, Kim YR, Lee CW, Seo DJ, Han SK (2019b) Effects of jellyfish fertilizr treatment on the photosynthetic
responses and chlorophyll contents of Quercus acutissima carruth seedling. J Agri Life Environ Sci 53:109-119. doi:10.14397/jals.20
19.53.2.109

Lee JE, Kang SR, Kang SR, Na MH (2020) Study on intexation of photosnthetic ability by chlorophyll fluorescence analysis of cucumber.
J Korean Data Analysis Society 22:2357-2369. doi:10.37727/jkdas.2020.22.6.2357

Lee JS (2018) Hostas in Korea. Korea National Arboretum, Pocheon, Korea

Lee SY, Jung JA, Sung JK, Ha SK, Lee DB, Kim TW, Song BH (2014) Responses of nutrient uptake, carbohydrates and antioxidants against
low temperature in plants. J Agric Sci 41:75-83. doi:10.7744/cnujas.2014.41.2.075

Lu Q, Wen X, Lu C, Zhang Q, Kuang T (2003) Photoinhibition and photoprotection in senescent leaves of field-grown wheat plants. Plant
Physiol Biochem 41:749-754. doi:10.1016/S0981-9428(03)00098-6

Murchie EH, Lawson T (2013) Chlorophyll fluorescence analysis: a guide to good practice and understanding some new applications. J
Exper Bot 64:3983-3998. doi:10.1093/jxb/ert208

Oh W, Kim KS (2010) Development stage and temperature influence elongation response of petiole to low irradiance in Cyclamen
persicum. Hortic Sci Technol 28:719-727

Park J, Lee HB, An SK, Lee JH, Kim KS (2021) Increasing duration and intensity of nighttime supplemental lighting promotes growth and
photosynthesis in young Cymbidium plants. Hortic Environ Biotechnol 62:679-690. doi:10.1007/s13580-021-00352-z

Shin HC, Hong JK, Choi KO (2011) The analysis of preference for the indoor garden of apartment veranda. J Korean Soc People Plant
Environ 14:437-442

Sung JH, Je SM, Kim SH, Kim YK (2010) Effect of calcium chloride(CaCly) on chlorophyll fluorescence image and photosynthetic
apparatus in the leaves of Prunus sargentii. ) Korean Forest Soc 99:922-928

Torres R, Romero JM, Lagorio MG (2021) Effects of sub-optimal illumination in plants. Comprehensive chlorophyll fluorescence analysis.
J Photochem Photobiol 218:112-182. doi:10.1016/j.jphotobiol.2021.112182

Wen HH, Yan HZ, Tao SD, Xiao JX, Jing QY (2005) Differential response of photosynthesis in greenhouse- and field-ecotypes of tomato
to long-term chilling under low light. J Plant Physiol 163:1238-1246. doi:10.1016/j.jplph.2005.10.006

Yoo SY, Eom KC, Park SH, Kim TW (2012) Possibility of drought stress indexing by chlorophyll fluorescence imaging technique in red
pepper (Capsicum annuum L.). Korean J Soil Sci Fert 45:676-682. doi:10.7745/KJSSF.2012.45.5.676

Zhang JZ, Shi L, Zhang QX (2004) Photosynthetic responses of four Hosta cultivars to shade treatments. Photosynthetica 42:213-218.
doi:10.1023/B:PHOT.0000040592.10133.ee

Zhou C, Wang Q, Liu W, Li B, Shao M, Zhang Y (2022) Effects of red/blue versus white LED light of different intensities on the growth and
organic carbon and autotoxin secretion of hydroponic lettuce. Hortic Environ Biotechnol 63:195-205. doi:10.1007/s13580-021-003
94-3

Horticultural Science and Technology 295



