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Abstract: This study aimed to investigate the impact of light intensity, manipulated through different shading levels,
on the growth and physiological responses of Thermopsis lupinoides. To assess the effects of shading treatments, we
examined leaf mass per area, chlorophyll content, chlorophyll fluorescence response, and photosynthetic characteristics.
T lupinoidesexhibited adaptive responses under low light conditions (50% shading), showing increased leaf area and
decreased leaf mass per area as shading levels increased. These changes indicate morpho-physiological adaptations
to reduced light availability. At 50% shading, the physiological and ecological responses were favorable, with optimal
photosynthetic functions including chlorophyll content, photosynthesis saturation point, photosynthetic rate, carbon
fixation efficiency, stomatal conductance, transpiration rate, and water use efficiency. However, at 95% shading, the
essential light conditions for growth were not met, significantly impairing photosynthetic functions. Consequently, 50%
shading was determined to be the most optimal condition for 7. /upinoides growth. These findings provide valuable
insights for effective ex-situconservation practices and site selection for 7' [upinoides, serving as foundational data
for habitat restoration efforts.

Key words: chlorophyll, CO: assimilation rate, north lineage plant, photosynthesis
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= T ¢ZRolE A& fEo AFHoR A9AL
AGA|, FEA So2 ALgE]o] £FcK(Saito et al., 1988;

Yamazaki et al., 1994). AZFIE-2 gAjole} Y&, Ho}
H2@7to| A4 Exsty e Yolli= e o&of 2;
ASEcH(Lee, 2014). Eoto| A= Y% oFokito] FHgtH
AYA 2 A oF 407HX11”P01 A5 e ek e o] T
i AL FF) AYA] Qltoll A Rlg o] HEA]
HA I} As7hA] 422 A% FAE Holal 9lo] =714
A EZ O]H(CR, Critically Endangered) HE2 XA E AF
gfjo]th(Korea National Arboretum, 2021) T3 7w oF
ofto] K o] wlslA Aol Aeeh e
AWEE 1 BEAVL B2 BEOR olEstel 4%
BHE ol A7 A Ao s SuAAE
o] th(Gantsetseg et al., 2020). ©]&} o] FIL 9] GHA Al
AABhE AES 7] Heler e SR g Wl &
3] Fetelet LA Yol AR AT EO] B
3 APA) B cslo] vlgate] 1A WRE nhele] AlEe
Arglolth(Kong, 1998).

e 253 glo] of3) ABFe] WAe B Ahm T
= —’F “:}(Price et al.,, 2004; Smith, 2019; Thomas et

o grger matEel WA WAL A
120 24 44 A% efotol A9
A UVI? 57&; l‘d daxo AlEe AAstofof

ool 4,
TS Alofshs =8 aclolw, A= Ap4ilo] A%t Feh
ol uhet Y-S AHeksh] 919 o2 Asksh
CHKim, 2013; Folta and Carvalho, 2015; Paradiso and
Proietti, 2022). X152 F= $~F 2jo|o w2} LFHefFA

ab2) whgat A AEleld Uhe-2 B3l ol Yol
AL5t=d] Y3 7|37 Ad 7L HolAd A
1 Mg F5o] Ao ZefEthPark, 2001; Kim, 2008).
weh AR A% 9lak A2 Yool ek AR fxt
2ol @x9] BAG 98 WA olct.

Ty AR AEEFUES] AR 9] Bl Ut dFEe
A 5 79 4 ehat 9 S2(Kondo and Takahashi,
2004)3} ZZ)HoK(Yamazaki et al., 1994) Eofdto] =3P =|
AR ok A BAL SIsE A A% 2o e
A7 S Ao girk web B ApelAs Az

= 2ol uheh Matshs AT Alel
WAool 24 W88 T BEAL 75
woAQl A9 BAo| F|elstan s,

4

Lo

Aol AMgH él%iﬂ% ol - 271Uzt ARt *El
=

42 20234 59 & wM ol A stsict. ol
=4

g Al o 97t A & vhARES} Aol E(12)E o
3 A& 15 om 32 l oj4stien 79 27k 24 W

ol Al & AH ZA| 2 o F3HA Al EA=
LEIDMZAGAIEY W 9%]3F W2,000 x DI14,000 x
H2,000 5+7 9] plot 3 o] Fich AHIE S8l shE
o Eopol vhEA] S Telshelct 20239 TARE 9
A7) 34U A o Be SzolA Aethes o
B, Q4% AANES e Aol RAsHL

g A o] ohE S AfolE vlasky] fish
et 9 2pg A2t Wi 5=t o] =4 (HOBO
U23 Pro v2 U23-001; Onset; Boume, MA, USA)ES A X|5}o]
7] 24558 A8 BEFAAIA (Quantum: Sensor,
Apogee, USA)E d|o]E|Z7(MSTL Mini Logger, STA
Corp., Korea)ol 1dsto] Fr=s 2ASIACH, Foi&
sjul4 227)(LI1-180, Li-Cor Inc., USA)E £3)] d&
2235} Th

g A2 918 olF4) ud ke ol stel 0%(o]
sk =), 50%, 75%, 95%°] A 25 2/dst3ich
A AMAl= 4 A=t evtE o= wjx|ste], Abg A Y
& 99 & 20 ARSI Aol o B )
‘ 2 Awel 4R E 20 em =9 B Fock

A ol vE AP GYPEAE dolrn
A 2|t 6732 A oS AFste] AT AFF
(Leaf mass per area; LMA)S =74519tk AL JHA
=2 7](LI-3100C, Li-Cor Inc., USA)E o]&3lo] 43513
i, SR ole S xR0 BAIRE 9 80°CE A=
AR & Z*ZW@*— ARESte] AEHEE SAsAT A4

g A%

O T}L 4] 18 AFR3EL] A=E3kic)
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Leaf Mass per Area (LMA)

1)
= Leaf Mass/Leaf Area(mg - cm?)
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methyl sulfoxide) 8-<H0] 201%% V1al°ﬂ gol 6417t 5
oF 65°Co] &27]o)A MAE %319 ckHiscox and
Israelstam, 1979). &3t g8 B3t A(UV/VIS Spec-
tro photometer-2550, Shimadzu Inc., Japan)E %3l 665.1
nm, 649.1 nme] shgelA] FHES SHsth PR a
bo] TS Wellbum(1994)0] 4] 20] whet AHE5}9ch:

Chlorophyll a = 12.47 Agesi - 3.62 Aeuo

@
CthI’Ophyll b = 25.06 A(,49,1 - 6.50 A565A1
2) 9= Py g 24
F| A= E(Fv/Fm) 3} v]343Fek2] 3 33-24H(Non-Photo-

chemical Quenching; NPQ)2] =4 93l ¥E4 g1t
5 =4 7](PAM-2100, Heinz Walz GmbH, Germany)Z ©]
Sotdion, el FabAQl QS Hole SAE
A% 3}04 A3tk =4 A sample clipo 2 2F 2087F
ol =7 Holo L2 althsl= -2 ZsYsto] LsHA]

A dUEAZ2E EFAFT dF e AL 200%
¢ S HdE <A S & H|S= Quenching
analysis "2 o-&sIty. A54 ¥ Whee ST
0] Foi= 0.1 pmol'm?'s" o]3}9] #-&, Fm& 0.8% 5¢t
8,000 pmol m™'s™'¢] EZI}FS AT B3lel HhS-

of tfst 7+ Lichtenthaler et al.(2005)9] 341 ARES}o]
sttt

3) B 54 24

B EAS 2AH] flsto] AejatdE® HdtAQl
g AEE Hole S/IAIE A8kt &7 sk Ao
S AEgAR 03] AV|E B3k HAE 9R|sH] 9
of BE APstlon, AL vidS A9 A3 A1A
Fol gt exE WA FoiE FEE SH7
(LI-6400XT, Li-Cor Inc., USA)S AM8-8}0] 3333443
4l(Light Curve)Z} CO-F3Hd44(4-Ci Curve) 215t
Pow ofof thgt 342 Kim and Lee(2001a)2] S
st

T3 AL AHAEL7] 9)81e] PPFD (Photosynthe-
tic Photon Flux Density)Z 0, 25, 50, 75, 100, 150, 300,
500, 700, 1000, 1500 pmol'm s '& A3} o, 59
2719 CO, HZEX 400 pmol-COym 2s ! air®, W1
2EE 25 20°CE fA8te] FdS SAskqlch -

A3 A23 (2024)

ol

LA A4S vl o R S 84 (Dark respiration; Ry)
@} &9 A} =E(Apparent quantum yield; AQY), FHAM
(Light compensation point; LCP), 333148 (Light satura-
tion point; LSP), Z|th333tAd<=(Maximum photosynthetic
rate; Pyma) S AFESFOITH
CO-FTATAL 24517] glete] 7] % CO, 5=
£ 0, 50, 100, 200, 300, 400 umol-CO,'m *s ' air2 %3
39l o1, PARE 1,000 pmol'm s ' & §-X|5to] 43H4
ﬂ W U] CO O SABAsIc 018 vigon
4= (Photo-respiration; R,)2}F CO, X2 AFH(CO, Com-
pensatlon point; CCP), ©r4117 d-8(Carboxylation effi-
Al&3}9i )
7| F A EEQ} FAMEE = von Caemmerer and Farquhar
(1981)8] Ao =, ol gaa-2 offf 4] 35 ol 4h=5}
AHKim et al., 2002).

ciency; CE)S

WUE = Pn/Tr = Photosynthetic rate/Transpiration rate  (3)

4. SH | xz2|

H Ao A 24 A2 FH 24 AT}= Scheffe's signi-
ficant difference test=2 -3-2]AJ-2 H-415}99 2 Dunnett's
T3 test (p = 0.05)2 ALSHASIF ;. E3E 2|7 2|t
ARAEAE 7he] AhEA e AXsigon dere] A
A 78 Shapiro-Wilk testE Z3) H7lstAth 414 8
= SPSS version 21.0 (IBM Inc., USA)E ©o|&3}%th

2 Ao w2 AgeRuEe] A 9 Al A4S
2ksl7] Qste] A 272 2T 50%, 75%, 95%

rfo

%= do]E] 24 (HOBO U23 Pro v2 U23-001; Onset;
Boume, MA, USA)E ol-§sto] Ael4td th7] & 2555
Z7%t Ak Table 137} Z904eh AF 717 52t Wat vk
W7 2o A 21.63/17.32°CE 7}4 =9row,
75% 23 A 2] Ttol| A 20.27/16.61°CE 714 wropch. o
7128 2ol A] 34.55°CE 71 Ekon HA7|&
2 55% g Aol Al 2.61°CE 714 vk Wi Akl
S 95% 2R A2 FolA 91.44%= 7Y ko,
2o A 86.51%= 7HY W2 =225 H A tHTable 1).

gy Ao whg AA Fe AolE Hluskr] fisf
=2 A (Quantum Sensor, Apogee, USA)S Al&-3}o]
FEeE 2AFATHTable 2). 50% A A 2|4-2] g =
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Table 1. Temperature and relative humidity following each shaded treatment.

Treatments Average Temperature (.OC) Maximumo Minimumo Aye.rage
Day Night Temperature (°C)  temperature (°C) Humidity (%)
Full sunlight 21.63 17.32 34.55 2.77 86.51
Shaded 50% 20.48 16.64 33.57 2.61 87.68
Shaded 75% 20.27 16.61 33.18 2.88 90.59
Shaded 95% 20.36 16.67 32.48 3.14 91.44
Table 2. Relative light intensity (RLI) and light quality in full sunlight and each shaded treatment.
Treatments RLI Photon flux density (umol m?s™) RIFR
(%) Total Red Far Red
Full sunlight 100.0 1390.1 114.0 107.6 1.1
Shaded 50% 50.9 707.6 58.6 55.1 1.1
Shaded 75% 26.2 359.6 30.5 29.2 1.0
Shaded 95% 12.0 163.9 14.2 13.6 1.0

Table 3. Chlorophyll contents and Leaf growth characteristics of Thermopsis lupinoides under different shading treatments.

Chlorophyll contents (g/crf) LMA
Treatments . b a+b a/b (mg - cm?)

Full sunlight 0.11° 0.04° 0.15° 2.85° 6.38*
g (*0.03) (0.01) (£0.04) (#0.17) (+0.70)
0.24 0.13* 0.37° 2.13° 4.40°

0,
Shaded 50% (£0.04) (+0.05) (£0.08) (£0.59) (£0.55)
0.21% 0.07% 0.28% 2.86" 3.45°

0,
Shaded 75% (£0.02) 0.01) (£0.02) (£0.26) (*0.19)
0.16" 0.06% 0.23% 2.55° 3.28°

0,
Shaded 95% (i0,04) (i0.0l) (i().()4) (i0.24) (i0.16)

Differences between groups were tested with Scheffe's significant difference test or, when variances were unequal, with
Dunnnett's T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version 21). Values

are means = SD (n=0).

Aol gigt A== 50.9%, 75% A A 2] 26.2%,
95% 23 AT 12.0%2 ZAFE o] 95% 2psgule] A
9 Alg 7)ol Hls| AA| FE 0] 7% B AR
=4 =k

Z13gdh W RFR Zpo| & Hlwaly| el Fol8 guhsd
Z247)(LI-180, Li-Cor Inc., USA)E o]&3}o] BHS =4
5} tH(Table 2). 279} 50% 2} 2 2] Lo A= R/FR
o] 1.10]921, 75%2} 95% 24 Az Lo A= 1.002
el frofgt ApolE Holx| gkttt

2. X ®zlo mE FHMY 245 xjo]

g ol E AGFUES LMAE 45}
(Table 3). AeefubE-2 A A eltoll vlsf A
th 2o A LMAZ} 6.38+0.7 mg-em” & §-0]3}A| &

2 S
oFobi] ) Rt Hel T MR PEe BPS
FoFgiE(Table 3). 2= =20l whe AdPFhz2] 4
E4a b L 24 ath TS HE 50% 2]t

A oI esko, 3 29 ol 7 ke

e B9tk 2 £Fo] ZolALE JEA a, b, ath
srego] Fhashe A BAAT X 75%2F 95% A &

vl Kjol7h LhehbA] poleh dEa
Fo)4e wolx| ekret.

Sl A2 folula
L A el whE
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09 06 wobdLE Frlel A molth FEAEL JEE
o Lo} v)5gh AL W] 95% FEoA elet

I B i Eokom A G20l 0% Woldol wet gasie

1 b e 104 RS Rtk FESYL 50% AR 1 AY
a g 229 daTol A e ghe AT A2l fold

. a o, | elE dEiAl ekgreh AdEAAESEE 50% > 75%
| 1 wolom A £F WE foF

Zpolg Btk FAEEL A9 50% At A 0.05

06 0.0 +0.00 mmol COymol ' & 714 2=9kom, 95% 22| tof A
Fv/Fm NPQ 0.025+0.00 mmol CO,-mol'2 §-2J3}A Wetth,

Figure 1. Maximum Quantum Yield (Fv/Fm) and Non-Photo- 23y =20] Zpol7F G5 Ul CO, = (Chof w2 A
demio Qe A0 of T e oot g5 3314 0990 A 9 A0 91
ficantly different by Scheffe's significant difference test (p < CO-FATA(4-Ci Curve)Z 2AHdstglon ol& HIE
0.05). Each value is expressed as the mean + SD (n=5). 02 FHTEFLEE(R,)L} CO, RAPH(CCP), BHATHa S
(CE)& AF=3}tHFigure 2(b) and Table 5]. F 54

4, X XMzlo| mE FEA Y YIS RI0] = 50% ARFA oA oAl =3k 95% 2pFA 2
A ] g ARFUES FvFm(R ) FA8) oAl 71 Wkt BN EE B3 FTFEHES} H|

I} NPQ(H|F3letA] &34 H)E A thFigure 1 and 3HA 50% Z}gA gl ol 4] 0.03£0.00 pmol CO,-mol' & &
Table 4). Fv/FmE 75% =} 4230l A4 0.758+0.0200.2 GOk =kew 95% ZFA oA 0.01+£0.00 pmol
71 ko, 95% 2 o) 4] 0.813+£0.0102 §-2]5} COymol'& 71A wrekth CO, HAMF L AT 38y

\

Al =9k NPQ= 75% Ag ol Al 71 wokAwk A W) AekE Bglow 50% ARgA oA 7Hg Wil 95%
g7 folde HolAl= ehokt ARgA 2 oA fefshAl ok
Ay el e AR Ve, SARSE,
5. 2 ®2loll ME Fed £ xlo| Faol 8 aEe ARSI H(Figure 3). 7] S e et T4
AR pipell whE AR R vhes vlast £ B W gl ZHE gro] WRkAL 50% A
7] S8l F-d Al 2Agslom ol v oR oF el TP w9kom 75%2k 95% A S wlsek
TESEERYG =FATEAQY), FEAFULCP), FE G Hrh ROl EHES 95% A oA @A
SHALSP), HHFI IS EPrma) S BAFOFGCHFigure  H2 3ha BNt A 7HE w=9kow] 50%, 75%
2(a) and Table 5]. FZFHw= 50% 2 =04 0748 AR oflA] vsdt s Wtk

0.18 pmol COym*s™' & F-031A werom apg f=z0]

Table 4. Maximum Quantum Yield (Fv/Fm) and Non-Photochemical Quenching (NPQ) of Thermopsis lupinoides according to shading
treatment.

Treatments Fo Fm Fv/Fm NPQ
Full sunlicht 0.422° 2.003* 0.789% 0.189°
g (£0.022) (£0.074) (0.005) (*0.011)
0.514° 2367 0.780% 0.251°
0,
Shaded 50% (£0.040) (£0.310) (£0.026) (*0.115)
0.569° 2356 0.758" 0.285°
0,
Shaded 75% (£0.058) (£0.168) (£0.020) (£0.090)
0.410° 2.194° 0.813° 0.218°
0,
Shaded 95% (+0.035) (+0.191) (+0.010) (+0.021)

Differences between groups were tested with Scheffe's significant difference test or, when variances were unequal, with
Dunnnett's T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version 21). Values
are means + SD (n=0).
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Full sunbght
Shaded 50%
+ Shaded 5%
Shaded 95%

Photosynthetic rate (pmol m-2:s-1)

I | I
0 500 1000 1500 0 100 200 300 400

PPFD(pumol m2s) Intercellular CO2 concentration (umol-mol-")

Figure 2. Photosynthesis curves (a), and A-Ci curves (b) of Thermopsis lupinoides under different shading treatments.
Each value is expressed as the mean £ SD (n=5).

Table 5. Photosynthetic characteristics of Thermopsis lupinoides according to shading treatment.

Treatments Rd LCP LSP PNmax AQY Rp CCP CE
Fullsunlight 0.81° 8.40° 207.60° 3.61% 0.03° 1.02% 34.58% 0.02°
& (£0.30) (5.50) (£59.80) (£0.81) (0.00) (£0.19) (£10.22) (0.00)

0.74° 5.40° 252.60° 521° 0.05° 1.39° 26.14° 0.03°

0,

Shaded 50% *0.18)  (£120)  (#4227)  (#027)  (#0.00)  (031) (335  (£0.00)
Shaded 75% 1.05% 9.60° 218.40° 3.88% 0.04% 1.23% 38.28® 0.02°
o (*0.11) (2.94) (+49.75) (0.85) (0.00) (=0.11) (+1.04) (0.00)

1.09° 18.00° 234.75° 2.26° 0.03° 0.84° 42.71° 0.01°

Shaded 95% (£0.08) (1.90)  (£14129)  (20.77) (0.00) (£0.07) (+7.67) (£0.00)

Dark respiration; Ry [pumol (CO,) m™ s'], Light compensation point; LCP [umol m? s™'], Light saturation point; LSP [pmol
m? s, Maximum photosynthesis rate; Pxmax [pmol (CO) m™ s'], net apparent quantum yield; AQY [mmol (CO,) mol™],
Photo-respiration rate; R, [umol (CO,) m? s'], CO2 compensation point; CCP [umol (CO,) m? s™'], Carboxylation efficiency;
CE [umol (CO,) mol']. Differences between groups were tested with Scheffe's significant difference test or, when variances
were unequal, with Dunnnett's T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS

(version 21). Values are means = SD (n=5).

03

Stomatal conductance (mol m-2-s1)

Transpiration rate {mmeol (H,0) m-2-s1)
WUE (pmol (CO,) mmol-1 (H,0))

—@—  Full sunlight
ork --l--  Shaded 50%
seeWfees  Shaded 75%
— -~ Shaded 95%
[+1i] 0 -
[ 500 1000 1500 [ 500 1000 1500 o 500 1000 1500
PPFD(umol m2s1) PPFD(umol m2-s1) PPFD(umol m-2s1)

Figure 3. Stomatal conductance (a), transpiration rate (b), and water use efficiency (WUE) of Thermopsis lupinoides under different
shading treatments. Means with different letters are significantly different by Scheffe's significant difference test (p < 0.05).
Each value is expressed as the mean £ SD (n=5).
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AR el EFshe e ARGl
Hla Y A shEm AEelA] A skl o

Aoz dejA lrk(Skalova et al., 1999).
A 71he] frojgt 2o|g Ho|x| grof g o] A& vl
Ae Gl Y& Ao dddr

SH™ N
NEL Foldl FrAN FAAS A 9
AHAle] 713, 2ol gt B4 o] MSkE = 3T
% - "¥H2-S HOIthKim et al., 2008; Folta

and Carvalho, 2015; Paradiso and Proietti, 2022). &3] %
sh7|akel 0o FE A EAL I, 55 Su} 2 A3

U A 4

2. XZH2/0) 2 NELIBO| FHENFAMSIN M urg
3

43& Ho|=t|(Chim and Han, 2003), 71 % LMA: ¢ ¢]
ool WA g FAR AEY] et A% Y B 85
o] IAE AysErHCheng et al.,, 2014). FF e F A3}

A oA ABe we BT 7o) FolHS o 4y
Eol7] flall ¥ FAl= Eol5al dHAE oA
LMA7} 71481 Wh-3-2 W elrk(Salisbury and Ross, 1992).
2 AoA ALFUYES AF FEo] wobgld 'ﬂra‘r
LMA7} ZFAsts G e Adstd 28 uke-S vy

ol B8 e1e] Fejoks Sisl AwHo] Frbohe
o etAS Hujdt A o8 HeltKSong et al., 2016;
Lee et al., 2012; Kim et al., 2020).

|

tlo

3. X220l we
e Aol

AL {0l Yalfatz) <8 o
gt Fgh ol wet d5a A 4

W NS, BA B4 5ol A B4 B 2

of HHAL AHshn] o)F A 18 wgol

11 BHCHKim et al., 2008; Paradiso and Proietti, 2022).

%_CEE‘/J\_ ?};}—E}:O JJ—TSL/\‘] LEﬂ 0 L]—E]-LH}:_ }\Hﬂxq Z]l—L
] ]I}—E C‘jiA 61—&1:0 /\T‘j,,] LHO/H

o 0350% ‘#Ed—(l(lm et al., 2001; Verhoeven et al., 2005;

2011). &Aool =& AEZEL gutzrlog

2 AEFo) vl A¥E 2xoA F

g=g 270717 98 Be Qs ?;s;%%

JHU OIO

v
ofs
-

S
=
o

O

;g

A3 A23 (2024)

317] 9150 AL 3 U BHE Al RS 2
207 Q3 & PE=4 o] AT Kyparissis et al.,
2000; Je et al., 2006). ZAT-TFUEL X2 50% Z=Zeof A

O % B4 RS molon] A So] Z7HE
o W} e Heol AR ol ATTIZEl
L YeAdo 2 Qs AYx ZANA YA F&

3
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Figure 4. Heatmap of Pearson correlation analysis of growth and physiological characteristics of
Thermopsis lupinoides under different shading treatments. Closer to white indicates a positive correlation
and closer to black indicates a negative correlation. (Relative light intensity; RLI, leaf mass per area;
LMA, chlorophyll contents; Chl, maximum quantum yield; Fv/Fm, non-photochemical quenching; NPQ,
net apparent quantum yield; AQY, dark respiration; Rd, light compensation point; LCP, light saturation
point; LSP, maximum photosynthesis rate; PNmax, photo-respiration rate; Rp, CO: compensation point;

CCP, carboxylation efficiency; CE).
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