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ABSTRACT

Background: This study was conducted to investigate the changes in the photosynthetic parameters, chlorophyll content, chloro-
phyll fluorescence, and growth characteristics of Aruncus dioicus var. kamtschaticus seedlings under different shading treatments.
Methods and Results: The shading treatment was regulated with the shading level (non-shaded, 35%, 55%, and 75% shading). Pho-
tosynthetic activities, such as net photosynthetic rate, stomatal conductance, stomatal transpiration rate, and performance index on
absorption basis (PIxgs)were the highest under 35% shading (4.36 umol CO,'m™-s™!, 54.2 mmol H,O-m*s™', 0.66 mmol H,0-m™-s™,
and 1.3, respectively), and the lowest under 75% shading. This implies that the decrease in net photosynthetic rate may be due to an
inability to regulate water and CO, exchanged through the stomata. Thechlorophylla, b, and a + b contents were increased with ele-
vating shading level and the chlorophyll a/b ratio showed non-significant differences. It was found that the dry weight (leaf, shoot,
and whole) was the highest (1.14 g, 0.49 g, and 2.31 g, respectively) under 35% shading and the t/R ratio was the highest under 75%
shading.

Conclusions: It is concluded that 75% shading exhibited a strong reduction of photosynthetic activity, and 35% shading showed the
best conditions for the early growth and cultivation of 4. dioicus var. kamtschaticus.

Key Words: Aruncus dioicus var. kamtschaticus, Chlorophyll Content, Chlorophyll Fluorescence, Performance Index, Photosyn-
thetic Activity, Shading Treatment

M o AEfoIT} (Kim ef al., 1998).
vk Hxolle AlEd, AEldduss, vk, <13
=MEv} [Aruncus dioicus var. kamtschaticus (Maxim.) A4, H]ﬂ-”] A, ZF 59 gt A3 7]1:"3 =)

H. Haral= ZARAUOA Aghs Ar|gke] thdA 2202 flavonoid 2 polyphenol 5& 3t o], Fd ARt
AN e AUER EEa, ofd £ A8sked BeeskEs 22 F8o] H4EA e AEelt (Kim ef al., 2011). &
I F71A o] FRet] gAY F3 SOl 2ol= IF 3 AR EXRA 37} $89] (Kim and Kim, 2018),
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1. 2T 2 XX

Ao AME AE= AUE S =R AusTiel
X w=NEwt [Aruncus dioicus var. kamtschaticus (Maxim.)
H. Hara] 194 HE 4ol o8& 4E (horticulture
o] &3t =o]

FreledellA

nursery media, Punong, Gyeongju, Korea)S
15cm, 73 10cm EEO| o]2]3le] ZFAd)ehn
1 A7 871 Aoz AMEsigTth

st feledolx Al Anidhs A
35%, 55%, 75%°] ARA AgeS AAsial Fakg AT
ool T 4 FEOE AYE SIleH, 49 195 H 6
4 28U7HA AR 20 /WA AREARE Ak 39
73 wstol] we A 9 AeukEs ot izt a3t

=2

AG7|17F 5 24 Ul 7148E gotir] S8l 25% &
7] (HOBO H08-004-02, Onset Computer Co., MA,

USAYE Ao aRE 2m Eolol dAeon, J32 49
A 4% (photosynthetically active radiation) HHE =4
Qe AM7F RaE Foe B$E47] HD 21021,

T M=
Delta OHM, Padova, Italy)& AM8-3l] 692 204 24 6 A

=Hs0t 7=

31

WEEH
RH oF A 1 ARk 7o EE]
SO 10 WA 2AE.
2. S 9l J|ZBI2 =H

AgAe] e FEAD 1PN 24 98 52
2587 62 250 AW 9L TR Frhg B 244

T =
A

518 skl A

O

(portable photosynthesis system, Li-6400, Li-Cor Inc.,
NE, USA)E °]&3le] =3 FAHEE (net photosynthetic
rate), 713552 F5 % (stomatal transpiration rate), 7] EE
(stomatal conductance), FME 7+ W CO, T=
(intercellular CO, concentration, Ci), ¥ 712 CO,
(ambient CO, concentration, Ca)s =743} T}.
4 A LED 29 ©|&3t> PPFD (photosynthetic
flux density)E 1,000 pmol-m?s'2Z T 3RO,
=4 2712 AR {9 7S 500 pmols,
255 20+2CE A3 24 10 A1FE 12 A7 34
st 589 AHE Sl thaol 2S o83t FEols

&8 (water use efficiency, WUE) % 7] A28 (stomatal

‘_1__

photon
;T’..EE]

limitation, Lg)S AF&3IAth (Zheng et al, 2011; Lee,
2018).
WUE=Py / E

Ls=(1-Ci / Ca)*x 100%

(WUE; water use efficiency, Py; net photosynthetic rate,
E; stomatal transpiration rate, Lg; stomatal limitation, Ci;
CO, Ca; ambient CO,

intercellular concentration,

concentration)

3. ¢i=4 si2F =A

AR W AR P WA 231 Skl 3
B4 Aol BY olF 7 AT vhtk 3 g9l G A
# o 1 g— 10 mu DMSO (dimethyl sulfoxide) &<}
ml 2ol gol 65CE A F7]94
SIS} (Hiscox and Israelstam, 1979).

2] A /7 A1 Bgsd = A (UV/ VIS
Spectrophotometer, HP 8453, Hewlett Packard, Wilmington,
DE, USA)E ©]&3}o] 663 nm, 645nm 2] 3o SE=E
=243}, Lichtenthaler (1987)2] 2lo| W} 954 a b, «a
+b TS A=

4. G124 WIS =X

OO L-O 1o

AE A FHFUSS ZA

AEa IS AP 98l 68 269l OJIP &4
(polyphasic rise of chlorophyll a fluorescence transients)<
AAsen, 342 d5a FHNES 471 (chlorophyll

fluorometer, OS-5P, Opti-Sciences Inc., Hudson, NH, USA)
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£ o83t 20 w7+ 4HE A1Z1 Yol 3,500 pmol-m™- s7'€]
FEHS 1 27 A, 50us (O GA), 2ms (J THA),

30 ms (I ©A), 300 ms (PHA])2]
T} (Oh and Koh, 2004).

olp 4 AxE Fa A=A W+ (biophysical
parameters; ®po, Yo, Pgo, ABS/RC, DIo/RC, TRo/RC,
ETo/RC, Plaps)E AFE3te] A A|3FATE (Strasser ef al.,
2000).

AEE FPLES AR

5. MHSY A

g2 2ol S
B 6¥ 2090 AR ) Z7], By R o A
F, R A2 FY 5 BP9 Ax FYL
7A%7] (DS-80-5, Dasol Scientific Co., Ltd., Gyeonggido,
Korea)ell 48 A7} &2t 80CE 7Axsle] xAEIAA, 24 4
ol wel TRE (Y AFWANE AF FAFY
v G715 (leaf weight ratio; LWR = leaf dry weight/
total dry weightyS Akt

£ AEERE Lotiy] Sfal B AFol
o,

Table 1. Summary of chlorophyll fluorescence parameters from
OJIP test.

Parameters Description

\ Relative variable fluorescence at time (2ms)
Dpo Probability that an absorbed photon leads to
(= TRo/ABS) reduction further than Qa~
Do Probability that an absorbed photon leads to electron
(= ETo/ABS) transport further than Qa
Yo probability that an absorbed photon leads to
(= ETo/TRo) reduction of Q,~

ABS/RC  Absorption flux per reaction center

TRo/RC  Trapping of electrons per reaction center

ETo/RC  Electron flux per reaction center beyond Qa”

DIo/RC  Energy dissipation flux per reaction center
Plags Performance index on absorption basis.

LT O[T - NS - ek

AR AR el 6 WHRo® slglon,
SPSS Statistics program 19.0 (SPSS Inc., Chicago, IL,
USAYS ©]83f] UYRAHEA (One-way ANOVA)YS 4A]&}
Ak Z A7k +9/d2 DMRT (Duncan's Multiple
Range Test) 5% “F=olx AAISIATE (p<0.05).
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21}

1. 2R " O3S

2RgAE] 717be] E B3 AEE MskE A EY,
g3} 5 9o 77t 185C, 19.7C2 vpehtor} 6 9o 4
- 238CE vERfo] Ht7]2e] Hlwd & Fo= 7
RAE & & AAgT (Fig 1). T3 22 7 AREH 2F 7 A
7HA] A W A TR Aol 1,285.5 pmol-
m2s, 35% 2F A= 720.0 pmolm™s, 55% 2F A
2= 4726 pmolm?s?, 75% =5F 229 170.0 pmol-m™
sTR ZARE O] AHA] AgE WRe] B FadT
(Photosynthetically active radiationy> ¥l &) H|s] 8.2
-11.8% O xpge] == Z1o& Yehsth (Fig 1).

2= ol TN} [Aruncus dioicus var. kamtschaticus
(Maxim.) H. Hara]®] 3%/3%% (net photosynthetic rate)®]
Hsh= ko= 5 Yol vlal 6 Yol tha 7HAE AIFE B
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Fig. 1. Changes of temperature during the experimental
period (A) and light intensity (PPFD) on 20 June (B).

Table 2. The photosynthetic parameters of A. dioicus var. kamtschaticus grown under four different shading treatments.

Net photosynthetic Stomatal Stomatal Transpiration Intercellular CO,
Month Treatment rate conductance rate concentration
(umolCO,m=2-s7") (mmolH,O-m=2-s7") (mmollH,O-m2-s7") (umolCO,mol™)
non-shading 3.65+0.59" 51.30%4.30" 0.70=0.09° 296.50+18.60"
May 35% shading 4.36=0.11¢ 54.20+4.20° 0.66+0.09° 257.50+8.20°
55% shading 2.75+0.14¢ 24.60+2.30° 0.30£0.04 210.00+7.40°
75% shading 0.67+0.04¢ 10.30%0.70¢ 0.14=0.02¢ 288.00+7.20°
non-shading 2.71+0.76% 33.90+2.50° 0.50+0.01° 286.80x27.70a
35% shading 2.97+0.20° 32.20+2.80° 0.42+0.01° 238.90+6.80"
June 55% shading 1.50+0.24° 13.00+1.10 0.17+0.01¢ 207.90+15.30°
75% shading 0.41=0.09¢ 7.70%£0.10¢ 0.11+0.01¢ 306.80+=18.80%

Each value is expressed as the means = SD (n = 6). *Different letters indicate values significantly different by DMRT (Duncan’s Multiple Range

Test) at 5% level (p < 0.05).
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X2l e =hsot F22

non, ApFrEEEE 5 93 6 9 BT 35% 2RE AE
T > TR AT >55% 2d AT >75% 2 A2
wo 7 Yehth £3] 5 99 35% 2% At B¢
=2 436 pnolCO,;m=s7& VERfo] 5 2] 75% 21 22
ol Hlal oF 6.5 vl =2 AEFS BT

71 HA =% (stomatal conductanceye 713 7NF 2] FTo|H,
7SR ERe] e SAER] 2ES B 49 Tl

O L . o -1 [
A4S v A ©r} (Andrew and Wiliam, 1998). Xpg=]2]ol]
2 FAsute] VFAEEe 7|FSAE S (stomatal

transpiration rate) SA] 6 Hol| vl3)] 5 o ¥ = AL
Uebilon, ARgrEd R TR AElTet 35% AR A
TolM Bl F=2 S wel whH| 55% 23 xJE]Tet
75% AFg AYF= FolFom e ghE Btk 53] 75%
2Rg Ag]grollA iAo R Be SFEE, 71t 2

Uepied ole AdA] Ao a3k 3
Ho} 34 w2 3 00 Aoz F9 7)ol Ast
7 ez AzZtEct (Lee er al, 2012c; Song et al.,
2016).

SAo] ek HER (Lee et al., 2012a)2] 7%
AGA HlwA e ZFAEE 2 G eS8 B
s rRs AN Ego] Zkste] oot thE S
HolFy o, 483 (Lee et al, 2012c), A7 EU=
(Song et al., 2016) 53} FAREE 732 YERITE (Table 2).
ASAE 75 W CO, % (intercellular CO, concentration)
AR, SRS 7P w2 35% 2% A TellA
FARg Aot 75% 2Bg Azl sl HlaE] 9 3hs
B ol 35% 2R AzlellA] F3d 240 =4
A=lo] HF W CO%l An7F A88] o]FoR7] wEo=®
AZFETE 75% 2B A dSAE 7= W CosETt
frolFom w2 A2 i 53 F3olA ASSA Hof
B 715 A dofutal ASAlE = W CoE &
402 &g 13 AR = ATt (Lee et al.,

RS

=

g

2EL

=

=

o

<
= T
2012b; Song et al., 2016). 55% 2% A&+ 3¢ 4%
ABEwol AT COEE BT Hlwd whe A3S Ho
=4 ole 7IeHEEe] F43 AR Qlsl] 7kt dg
3] o] FR|A] HPHA

I S0 gaeA ool 7
oz Az,

olget A= 55% g AP 715AE (stomatal
limitation, Lg)°] 7F8 =& Adxw Adx)8 (Fig. 2), 95
A 7= Wl COo, sE= 7oA JSAIZERES] Co, &
b Aol oal) A E I, SRR n7]E 27 B AE9
TS whet 7)E R o 2AEE sloR dHA
T} (Franck and Vaast, 2009).

THo]8 a8 (water use efficiency; WUE)S] 749 55%
2R A7 ALH R STk Ads B, o=
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Cnon-shading
m55% shading

@

s I' I Ii il il

. 2. Changes of water use efficiency (A) and stomatal
limitation (B) of A. dioicus var. kamtschaticus grown

under four different shading treatments (on PPFD
1,000 umd-m2s7"). Each value is exF)ressed as the means
f
(

@35% shading
m75% shading

1 Cinon-shading 1 35% shading 00
¢ ¢ (8)

W55% shading W 75% shading

WUE (mol CO, mmol H,0°)
Ls (%)

Fi

as

+SD (n=6). *Means with difference letters are
significantly different by DMRT (Duncan’s Multiple
Range Test) at 5% level (p < 0.05).

il O
2 &5 5 Utk
Iubro g vro Fr Z7slA FakE AEd A 3
FS Zol7] 8l 9 Ul AAE IS4 e Fxlsie] €

g}5o]|= (thylakoid)H2] %
chl o} $H 2T (rubisco)
Z1EA Ho] kAl F3A

SFHO B A& EoliL T5 93t ouix]
ZolmA a8 og 0 FHgslEe AE 714

75e) AskE 71 oA

Te 7P 9 AEE B, 9S5AHE = W Co, F
= =7 FAEAL o] E8HORE COE AVISHA] Helal
= o= yeht FE 7ee] Aske A4 ¢

2~
T

2. =4 st

2gA o e Elerke] b
F (a+ by AF Fo] BOHETE fojFo=
&S YeRioH, 53] 3 A
g7F T2 Aol vls) 5 Yelle o 2.7 1), 6 Yol
°F 33 uj H& ZHS KT} (Table 3). o]t AeFe FaF
o] §Z3t 3olA F FE5HS A& GEL FRFS
=A AT 2avt uZolH, 23 (Lee et dl,
2012¢), Avbs, F3 2 294 (Kim ef al, 2015) 5 ©&
A Fe] ATAFe=E S UERATH

Tgk 2Rg AgTe o Wshk=s 5 el
Hj3] 6 9e] F d5&
T2 ATl e
g2 2 Eo] 23 7}
P Aol ARTE AR ASTLE

o (Kim et al, 2017) 733
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Table 3. Change of chlorophyll contents in A.

LT O[T - NS - ek

dioicus var. kamtschaticus grown under four different shading treatments.

Chlorophyll content (mg-g™)

Month Treatment Chlorophyll a/b
a b a+b
non-shading 0.90+0.02¢ 0.41+0.05° 1.30+0.06¢ 2.24+0.29°
May 35% shading 1.41+0.17¢ 0.58+0.06" 1.99+0.12¢ 2.46%0.59"
55% shading 1.92+0.16" 0.75+0.04 2.67+0.15 2.58+0.28%
75% shading 2.63£0.04° 0.82+0.13° 3.45+0.11° 3.26+0.56
non-shading 0.8+0.02¢ 0.34%0.09° 1.14x0.107 2.45+0.61™
35% shading 1.66+0.05° 0.46=0.08° 2.12+0.07°¢ 3.71£0.73
June 55% shading 2.10+0.01° 0.68+0.12 2.77+0.12° 3.20+0.67
75% shading 2.86+0.04° 0.91+0.13? 3.77+0.15% 3.17+0.47

Each value is expressed as the means + SD (n = 5). *Different letters indicate values significantly different by (Duncan’s Multiple Range Test) at

5% level (p < 0.05). ns; Non-significant.

Table 4. Change of chlorophyll fluorescence parameters in A. dioicus var. kamtschaticus grown under four different shading treatments.

Treatment Dpp (O1) Yo ABS/RC Dlo/RC TRo/RC ETo/RC
non-shading 0.81£0.01°  0.18£0.02°  0.22+0.02"  1.04x0.02"°  0.20+0.01™ 0.84+0.01°  0.19=0.01"
35%shading  0.82+0.01Y  0.22+0.01°  0.27+0.01°  1.29+0.04*  0.23+0.01  1.06+0.04*°  0.28+0.01°
55%shading  0.79+0.01°  0.17+0.03*  0.22+£0.04" 1.02+0.05"  0.21+0.01  0.81x0.04">  0.18+0.03"
75% shading ~ 0.77+0.01*  0.13£0.01°  0.17+0.01°  0.90+0.11¢  0.21+0.03  0.69+0.09°  0.12%+0.02¢

Each value is expressed as the means = SD (n = 6). * Different letters indicate values significantly different by DMRT (Duncan’s Multiple Range

Test) at 5% level (p < 0.05). ns; Non-significant.

Sl FREAE (Kyparissis et al, 2000; Lee et al, 2012a)
o8 Aispr|w spH, M= 2 H2r] FARE A
of vjafele] =3} XYL =FA Hol AR e HE
2 FFE AT 7
, 2007). o]gk ZFo] FApg Aol uhE
Fol e Huh A7I7ke] AFs T3 F7H AES
& Far) kel oJAZIL (Table 3).
F x27M e Bt B2 38 T8k
o2 REEFAl T2 AgEY e JFL alvh
3FA| (light- harvesting chl-protein  complex)
A=A 09 S7PHH AH, 454 a7t R
(Lee ef al, 2012¢; Kim er al, 2015). ©|2|§ AFFe
Z (Lee et al., 2012c), ZHY7AF (Lee er al., 2012b)
Fak ofug} U (Lee et al., 2006) 5 Z-EojA
Fb = ok 23y g AEe] A FElig A3
Fol7F §lAY (Kim et al., 2015; Song and Kim, 2017),
H2HE (Lee et al., 2012b), 22H] (Kim et al, 2015) &
2Bg 27004 s F7kshe AdE Helet
Merke] 7ol 5 9o 75% 2R Ae]Folx Foj2os
37k A4S BT (Table 3). ol2igh Kol FE7be) 3
o] gk whgo] AE thEr] wjEos AZET: (Song
and Kim, 2017).
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non-shading 35% shading 55% shading 75% shading non-shading 35% shading 55% shading 75% shading

Fig. 3. Changes of relative variable fluorescence (A) and
performance index (B) of A. dioicus var. kamtschaticus
grown under four different shading treatments. Each
value is expressed as the means = SD (n = 6). *Means
with difference letters are significantly different by DMRT
(Duncan's Multiple Range Test) at 5% level (p < 0.05).

3. 9S4 dF vE
B A|AE s8] AuA R Aer7)s g Agel o

wEE Fslshkgo 2 F4EE oux] 9}

o]yt o Ao ExtF oA HIZEH B9t
A 719 71s AR SR8 AHE BFHCE BAFE
(Hopkins and Hiiner, 2008).
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B3l 7] AAEAI] QuE BUAZIH (TRo), ARG 3}

Aol Fagl B olldAe] A= dE a4k (Dlo), W
HAlE AAE wHegel ol SHUA (ETo) HEHoR

NADP+E& NADPH=Z 3MIAIZIt} (Strasser et al., 2000; Lee
and Lee, 2017). 954 F3E4 Wy 5 OJIP HEEE %
Al oA o] oz 559 skl x84 e gl F o
FE FRE AT, 2EWs ESTE, ¥ 24 5 24
2Eg 2ol wE AEe] AelE vheS dFeketl Bol AR
E 2 ATt (Oh and Koh, 2004; Hong et al, 2016; Lee
and Lee, 2017).

Table 494 ®po, VYo, LB Opo=
of gk oAdAde] HlE = ?Sﬂﬂf%‘.irg
(Strasser et al., 2000), poE Z7]3F3FHES-0f| A JZJEH%W\H
£ U, Oy B Yo Q4 o1F AAHGE RoF

wlsntel BS 35% A Aol AuKos by
o e Bglom, ot vl 75% A M T o
‘I‘O, Opp 57 A 74k 73%“3 Lrehfjo] go] w9 F=3)

oM BEHQL olUR] o] o]FojRA] &AL S &
—’F Art. T wRSAY OﬂLizl sF°] ®skE veiie
ABS/RC, TRo/RC, DIo/RC Z#]Z ETo/RCE Ay HH,
DIo/RCE ANLI3taL 75% =g AgolA frolze=w 717
o Asko E"i-‘ztﬂ ol B AM ] nke=Alo] WolX]
AL, ST FEe HollvAl ot B4 IelM 25 =
NUA, )3 AAADE BiolAE oux) B gk
A2-S HAFT At} (Falqueto ef al., 2010). DIo/RCE &
2 HHAE vgsiety oluxle] 24dS onlst=dl wle

mke] 739 ARl Afeol& HolA]= ekt

Fig. 3914 Yehd V= 75% 23 X2l 7olA fejxoz
= Uebstedl ol Qa olF HAdge] AsiEE on|st
H, AR ERMA] (oxygen-evolving complex)?] H|E/ds}e}
= A7} AT (Wang er al, 2012). Plagss S48 2ol
A Z o]gs] HAx} SHHALE (electron carriers)o] FAEE A

HEF Q) FAoA oA BEFES 2n]slH (Holland ef dl.,
2013), 27 119] HUPATE (Opo) T TS RIS 3742
EY 2~ Ax2 LdEA U} (Strasser e al., 2000; Wang et

=HS0E 7R eSS

al., 2012; Lee and Lee, 2017). s=/0=v] S 35% =%
Ag]FoA 7P S 3hE HRl 75% 2B Ag]o) Hlsf of

1.7 9 F& #e 1o 35% A7t dyA] BERES ol
= 7193E & 4 UTH (Table 4, Fig. 3).
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HI &S Aoz w37 Ho] (Song et al., 2014) e}
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(Table 5).
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£ HolA| YTt (Table 5)
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Table 5. The growth characteristics of A. dioicus var. kamtschaticus grown under four different shading treatments.

Dry mass production (g) T/R ratio LWR

Treatment Leaves no. 1 r

Leaves Shoot Root Total gg) gg")
non-shading 9.67+0.58"  0.87+0.05" 0.44+0.05" 0.77+0.04°  2.08+0.13*  1.70+0.06" 0.42+0.01°
35% shading 13.3320.58*  1.14+0.04* 0.49+0.01° 0.68=0.01°  2.31+0.06" 2.42+0.04° 0.49+0.012
55% shading 11.67%1.53*  1.06+0.08" 0.46+0.01" 0.61+0.04°  2.13%0.13®  2.48+0.08" 0.50+0.01%
75% shading 8.67+0.58"  0.73+0.04° 0.38+0.01° 0.44+0.03¢  1.56+0.05° 2.55+0.15° 0.47+0.02°

Each value is expressed as the means = SD (n = 5). *Different letters indicate values significantly different by (Duncan's Multiple Range Test) at

5% level (p < 0.05).
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