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ABSTRACT

The heterogeneity of light environments within gardens greatly influences plant physiological and morphological
responses, making light adaptation a key determinant of planting suitability. However, systematic studies on garden
plants’ responses to different light conditions remain limited. Sanguisorba x tenuifolia Fisch. ex Link, a perennial species
native to East Asia with high ornamental value, was examined under four shading levels (0, 50, 75, and 95%) to determine
optimal light conditions for garden cultivation. The highest photosynthetic rate and light saturation point were observed
under full light, while both photosynthesis and growth declined with increasing shade. Water use efficiency peaked
at 50% shading, whereas excessive shading reduced leaf number and biomass. Chlorophyll fluorescence remained stable
across treatments, indicating no PSII damage. These results suggest that S. x fenuifolia is a typical sun plant that grows
best under full light, but can also adapt to partial shade (~50%) where irrigation management is limited.
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7+= Q01 E(Sanguisorba % tenuifolia Fisch. ex Link)< FolA]o} Ao EEsl= AA o3 o|d &2, 4 7139}
A &8 FAgo] woh B A= A FFHF, 50 - 75 - 95%)0 WE 7=Q01E ] A 2 A vS B4l
Fxstyo] M E9kon, xpgo] 4

B AAel Aeet Fx2e AR sHlth AFel A Ao Ee St N
5 23 Aol AstE ATk 50% gl A FEol&a o] HAL, =g xFelME Aok HF ol A
o HAE4A G WS> B AgdA P H o R FAIH FAN &4 Oi&’iE} ThEQolES A AR FAHEE,
AFo A Argol HA o, e Fio] & A AME TEA(SF 50%) AL Kol A Ao E dAoE
TAof: G E, FHNE B FHIG d5E FESY
l. kl% &5, 2020, o1t 5. 2021).
71E AFelME AA4E FEA A3 T 5olFHL

e 2 A9 7%, A4, A5, Fx2 T ue b E OEA Jept FHAR(Crex maculata), TIEF
St H71$ 32 A, ol AEY Asd AFA o (Pachysandra terminalis), =5 2% ( Astilbe chinensis) 2 A9
S UZITHAAA 5, 2022). &2 Alo] X3k n]7]1% g S2([rs [aevigata) & 2% ZHNME Q24 shg =719} oF
7 A-3str] st Al - A" - FEd SAS WA A2 Fy/Fme A8k, QA2 24 242 Eéﬂ Xﬁ
AE AZS HHAA  YrhLarcher, 2003: Folta and o] et WA 717k RAtHE Tt 5, 2016:
Carvalho, 2015; Paradiso and Proietti, 2021). ©]2 <13 4l& I 5. 2024). WA, 2= Dendranthema indicum), ””4-4217_81
nith @ k= AS 2AS Aolsd, AY A8 a7zl (Physostegia virginiana), 1.2)E( Veronica linarifolia), 3%
AAE EAE 3, 25 T8 BEA 5 ook 3 8l (Geum japonicum) & 394 &&3 24 AYidekol 543 A
o2 AS 2 ALY S AdsA B et gl atelo] MFARl FAXEY] EAS eI 5
THLarcher, 2003). 2016). webA L Wi xpE el A o] AA) A=k o g

o] FAME F B4 HES AT e Y A= W 33 5AE sty A E o o gt

F2 AR F shtolry A f & 242 3 39 A At Qo|E&(Sunguisorba) & =& W3 AHA WAe A=

o] (Battaglia et al, 2002), "4l A& 8+d 2.91(Stoutjesdik and AYAEZ T3t A 270 A3ah AT - a2 -
Barkman, 1992) 528 ol& A|Z7HA0 R uj$- ojAH o7 me & 7ABTAY o L5 gt} 53] Aoz )
3} 22 Aabgl ukg A REFA AJEo)

> I
©,

ol

1o

2
Uehtby Ae2 g9 Wl ot FeelA e e 8 Sk AbQoE 22>

FRANFAIHH 23 e T AN 2ES st 7Fs8lal B 8L Hol, Wit &2 He F8AE
A4S FA%THFolta and Carvalho, 2015: Paradiso and E33t thokst AA1A] 8740 g o] S HtHPFAF 2025: RHS
Proietti, 2022). 2025).

G ZANN AEL g4 gk S/ FEAR 7Y=L 012 (Sanguisorba * tenuifolia Fisch. ex Link)< 7
I YF EEE WY, RS Bo P EES = 7| #H(Rosaceae) L0lE&0] &k Aol ER, Fokot
ol 59 A A5 vHgo] YeRdrH Walters ef al, 1993: A (e Y, T, A, grlot o2 9 ] AW
o|AH 5, 2013). AF A FEFA A nhsog o de| TEx3th 242 BE o Im A& A2, 7~997
T %3S Fdstel] A8 99 AS Weld 49 FAE 7HAl Eolv fE7] Eell M olaksiAzt g WY 7HAI7E
o] GUAY AF5Eol dasty, 2 2 AT AT Fol 4 A=E g o] &I UTHIY 1 7). 7H=20]
S7FE Q) Aok Ashte] A5 HlE(T/R&)e] Eof S AT AAY e R F oA FE A, A%
Ae ol HIFHAHAAE 5, 2008: o|FF 5, 2014: = vk oA & A ACE g vk AT

Folta and Carvalho, 2015: Paradiso and Proietti, 2022). 12 AA7HA] 7t=LolEd U A+te T2 AEEFTY B4
U A - Fe A 7taAe] dA2 dojas 2t 3 2 (Park ef al, 2018)°I\} Bej24 =49 7154
A M= 938 ARo] AsE & Qo] A2 FTHg A P 2011: Wang ef al, 2025) 5ol == e

= WSS ek A2 Y W A AA 2 A A Aol w2 A% 3 A dhgell g AAE A7 A9 ol
FHoll A olth(Park, 2001: A3 5, 2008: 121734 |} FoIAA] Ak

302 S=AACIARIESX] M11A 4= (2025 103)



5= ZHl - o) 7t - o)A Y] - ft - A5 Ao WE =00 E(Sanguisorba X tenuifolia Fisch, ex Link) 9] Ag] 2 AA uke-

TR\
RN

T2 1. MoIMe] 7=201Z(Sanguisorba  tenuifolia)

A= thepaintboxgarden, 2017 (https://www.thepaintboxgarden.com/piet-oudolf-meadow-maker-part-two/sanguisorba-tenuifolia-alba/)

Il A7

| ABTE Y MEx

7h=R0lE A 7Hxﬂ
A ghgate] oAzl
o] N2 A&l %ﬁk AR
=°] 160 mme] A Z %‘ SHol| o]2]3}%la, Aul-g-
EGE dodES) mIALEES 2
£ AT

24 Ale 20249 69 14UHE 99 6Q7HA] 1257 AA)
Stk AF(FAL) 24E 29I, A ] 50%, 75%.
95%9°] AFFEE 7 olFH Hld AP olgstd F
A TE ARSI, 72 AT 68HER F 20AE A

stAth A st AHCZRE 20 om ¥Y 3] ¥7HE

FHET T2 2 o E A% A FIE WAE)
date], T 2 AHIE 94 8:00~9:00 FE 23 17:00~
18:00 Atelell AAIIATH Y 2 Z),

e B 2FE 5 AR Apolg gl glste] 7t
AT Well 255 dlo]8ZA(HOBO U23 Pro v2 U23-001;
Onset, Bourne, MA, USA)E AX|5lo 7] L& 2 AisE
g 243Is9 o, Hir)e2 2253C, AT 712 34.20C,

20243 49 29, DMZAHY 4] &)

8 2. XE MET(SETE 50, 15, %)

HAA 7122 1343C, B W 7122 447C T B T
2068C, Mt FiFe 8945 %t

2. 48 &4 =A

am

) AR B SR

TFR=90)Z 9] 2133 A o) W AR vheS ZALEl
A5k AT AN 4% N0FL 23 A48 27 24
07 24397, A% 28 3 7 A7 7)AH S8t

A4R(Z7] 2 )9 AR (e & B2le FH, 80Tl 48
AZF FoF Azt AFES S o HlE e T/R

A=l

£ (top/root ratio)

TheoolEe] A AP S0l BE 9 BHE B 9
3 Aol UE0E A% A AHH § AFYS 5
etk AHAe 994 37971(LI-3100C, Li-Cor Inc,, USA)
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Z2¥(leaf mass per area:

Lol gkl

o A 7H Aol 072 ecm? 2719 FBS HFH3 5,

5 mL2] DMSO (dimethyl sulfoxide) £¢] ©71 nfo]dof ¥

, 65C 27014 6A17F Fet MAE 2319 th(Hiscox

and Israelstam, 1979), #&¥ £HL s

A2000, KLAB Co,, Ltd., Republic of Korea)& ©]£3}e] 663
2 645 nm HgelX FHEE 5%

«l FHF2 Amon (1949) 9] 218 &-&-3fo] 239

Chlorophyll a=12.7 x Agg — 2.69 x Ags
Chlorophyll b=229 x Ags — 4.68 x Agg
Total chlorophyll(a+b) =20.29 Ags + 8.02 Asss

2) 9=4 I ks
2024 99 B, AR FF g SS9 AN A
AN 2~39A AT AR S ekl g U2

2087} sample clip® 2 #& xjerat
&4 £47)(PAM-2100, Heinz Walz GmbH, Germany) &
&5tod Quenching analysis WS 2 SAsIUh AL F&
2EG 20 JFS H4dlelr] Y LA 7:00~10:00 Abo]ol
AT 6902 i)

339 HAgHEF,)> 01 pmol - m™ - ™ 013}91 %T% B
ko] 24351, AR (F,)> 8,000 pmol - m™ x
Fe 0827 ZAlete SASAth sk W
Fo/Fn=(Fp -F,)/Fpl 2 AE3%0m, H|33lst
9 (non-photochemical quenching; NPQ)< £U3d+ Z7oA
=A% & HFghS A8t Lichtenthaler ef al, 2005).

2 010 m
}.‘D{i
o i
rlo

3) B4 54
Y T4 Bk 2 08 2 FIS 3

(light response curve)g A8k HW o= St Fuk
(photosynthetic photon flux density: PPFD)2 0, 25,
100, 200, 400, 600, 800, 1,000, 1,200 ymol * m™ -+ s'& Z:Xaqﬁ}
A3, A U CO, F&E 400 pumol - mol ™, &%=+ 23+1C

TI‘Z] 0]’ A
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247 vl o2 9384T (dark respiration rate: Ry,
&A=& (apparent quantum vield: AQY), FHAMH (light
compensation point: LCP), #3Z3Md(light saturation point:
LSP), Ht3434E % (maximum photosynthetic rate; Py

Azt T3 7|2 HEE (stomatal conductance: gg),
AR T (transpiration rate: E) S £4313, o)& vlgog &
0] 28 &(water use efficiency: WUE)S AlAbsiith(7 3
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7= Q01 & (Sanguisorba ~ tenuifolia Fisch. ex Link) 9] g 2 A4 uke-

E 1. AR XM2| TE0| OE 7h=20[Ee] gEL

Chlorophyll contents (g/cm?)
Treatments
a b atb ab
161 1412 3.03™ 1.14°
Full sunlight
(+0.25) (+0.35) (+0.42) (+0.38)
1.87 1.18%® 3.06 1.58°
Shaded 50%
(+0.30) (+0.25) (+0.44) (+0.31)
1.61 1.05% 2.67 1.53°
Shaded 75%
(+0.34) (+0.20) (+0.37) (+0.47)
1.80 0.82° 2.62 2.20°
Shaded 95%
(+0.30) (+0.10) (+0.38) (+0.28)
Atk Z2F 210l= Duncan®| CHEEHHQ A (Dunca’s multiple range test) = S8 ’SOI OFZC|Z] 42 Z2 Dunnnette| T3 ZZS E3l AN
Cl. EAX Qo422 X0.052 HHIIPH, BE EAL SPSS (version 21)2 AFRSI0 £M5IACt 2 Ba+EEM(meantSD, n=6)2
HAIFHIC
EAslE 5L a7t 5L DE AFEo] 58 385 £9 2] 7t folg 2polE HolA] AR, Fo/F 75% 2% A
T Ao FMH) v, 3ol W2 AE A 34 oA 080+0.012 7H3 ”°}°Ur, 2E M%Loﬂ*i HAZ 08
A F HEA Feko] 7hAsta Fg Tfo] AstHo, 2 919 E FABIATHE 2 #x), Ity o s A%et A8
HH o= FY v 2 o] s Frk(Mauro ef al, o] & Fo/Fy 0l & 08 5= %118}—5— Ao g 4
2011). S H(Strasser ef al, 2000), °]& ZHY © £ AFoA <] *
L3t olgjd A EEC] 45 Ve HYE st AR 2] 21 AN 24 £ 7154 48 A &%
279 kEE AL FUA A E43H ga 55 75 H Ao wotdn mebA A o sl wE vk
o F 8 syt EXHH, o] 01’311 A Fal7h SR o] AN 2&2 v A HHo g §AHeH, ¢
o G ZHoA e 2EH A w2 FAFA] YTt

B AFolA 7heQolES AR ol EolETE P54 L 3 - 545 ¥
b $HFe XFe 3 A5 A Feko] dukdoR ahshe A 7] 93 A4 FAE s, ol FE YEE
S Jeon, o= 33 Beha AL B A4 L Y (dark respiration rate; Ry), T%AH&(apparent quantum
ZOHTE G424 A0 et Ayd §a 328 Zol= vt yield: AQY), %A (light compensation point: LCP), 3%
O Z 2SS AAJelt) o] E A= 7R=Q0]Eo] A 314 (light saturation point: LSP), #3844 % (maximum
I 270 A A ETA A 9k Yeh)r|RiE oy photosynthetic rate: Pymay) S FA3IATHE 3, 18 3 3X).
A BE Ags 9slal o BT, 7heQ0E0] HyA © 2B g wet fo3 Aol HolA| °}°L°EL
o] o)A EeS FukxFT) LCP mgk A2 7+ frelde] vehtA] eigtet. v, LSP+
3 ol FoHTE sk A BATHE 3 ZL1). d
2) A= P ks HH 0 2 3 Alo] =& AES A Bl #38] 28l Ry
FANY s veplie Fsiety uh3 28(F/Fy) 3, ¢} LCPE W51, LSPE =ole A4 w2 53l 434
e B DAEE o oqUR Y] e E oJn)sh= H]F8}st 285 Fulglels o2 A th(Walters ef al, 1993:
A P33 2ENPQ > A& A 283 34 ~EHA o734 &, 2013). et E Ae] AN ThH=R0lE2 ©]
S-S Adsls F2 AEE dE] F4dtHLawson ef al 2k 23 71%0] HFEHA gkon, ]T: & ol AHA
2008: Murchie and Lawson, 2013: Ruban, 2016). A YA EEA AKS 8 HA QAT #Y, AF 3
7heR0lEY HEA FF WS $43 43 NPQe A 7o ok Ay A5l v /‘V\kﬂﬂr

ro
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Hl

AR AME| $E0| WE Th=R0(E2| FAE(F/Fy) 2t BRI FZAE(NPQ)

Treatments s [Fip Rl NPQ
0.45°¢ 2.37¢ 0.81° 0.34ns’
Full sunlight
(+0.05) (+0.21) (+0.005) (0.27)
0.47% 2.69% 0.82° 0.24
Shaded 50%
(+0.02) (+0.17) (+0.026) (#0.11)
0.51%® 2.50% 0.80° 0.26
Shaded 75%
(+0.03) (+0.17) (+0.020) (0.24)
0.54° 2.85° 0.81° 0.21
Shaded 95%
(+0.03) (+0.16) (x0.010) (+0.07)
Ak 2F 210l Duncan?| CHEHQ|AZ (Duncan's multiple range test) £= S&A0| BHEER|Z| 942 AL Dunnnettl] T3 HYS Sdf A5t
Ch EAH Q9422 pK0.052 MHYFYSH, 2E EMS SPSS (version 21)8 AIBSI0] £3GHAUCt 242 WHA+HEMAH(meantSD, n=6)
2 HAISHILCE
H 3 AR M| =0 ME Jh=20(E2| Ay 5
Treatments Rd LCP LSP [Pz AQY
2.05™ 25.92™ 795.36° 10.19° 0.06™
Fullsunlight
(+0.24) (+3.53) (£122.65) (+1.25) (+0.00)
1.81 23.52 649.44% 7.73% 0.05
Shaded 50%
(+0.23) (+2.80) (+157.95) (+2.18) (+0.01)
2.06 25.92 399.6° 6.58° 0.05
Shaded 75%
(+0.06) (+3.84) (x101.89) (+2.81) (+0.01)
1.92 24.16 473.12° 6.27° 0.05
Shaded 95%
(+0.01) (*3.73) (#152.71) (+2.52) (+0.01)
ASE AL Rd [umol (COy) m? s], AR LCP [umol m?2 5], ZZSHA; LSP [umol m? s, Z|ci 8 &%) Pyma [umol (COz) m
s1), Y28, AQY [mmol (CO;) mol™]. ¢t ZF 2}0l= Duncan?| CE2HL|ZAZ (Duncan’s mu|t|p|e range test) L= S&40| PHEL(Z|
g B2 Dunnnett°| T3 22 Solf dYsRct. SAH FoA+E2 p<0.052 HFstFon, ZE SM2 SPSS (version 21)2 A5 48
SIFCH 22 Wri+HEMAH(meantSD, n=6)2 HEA|5ISCT

—&— Full sualight
- M-~ Shaded 50%
oMo Shaded 5%
- %~ Shaded 95%

A ottt 11 A3 Pyps A% 270N 7 =909, A}
Z7VAEE foai adithE 3, 19 3 F
), o]E 7EQ01Eo] ALyt =L g BT =

S o

SstEE AFAQ FAAEoIH, dubAd WA AEol
3l o
= =]

Photosynthetic rate (amol m2-s7)

: ‘ ‘ 3t B 712l dajEe] dled
[ 500 1000 1500 HO:]%
PPFD (umol m?2:s1)
A FEA WE TRe20lEY] VIFAER(R), SAEE
T3 3 AR Ae| £ WE JkE0Ze] 2-sY =4 (E), 2ol 85 &(WUE)& ZARIITHIY 4 30, 2

306 et=ZACIAtRIStE|X] M1 M4=(2025H 10&)
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2 2R} Ao W 7h=9.01E(Sanguisorba X tenuifolia Fisch. ex Link) <]

IEER L

0z

Stomatal conductance (mol m?-s1)
Transpiration rate (mmol (H,O) m?-s1)

Shadad 50%

Water use efficiency (nmol CO, mmol! H,0)

e ese Shaded 75%
é - ~#— Shaded 25%
PPFD (umol m2-s51) PPFD (qumol m2's1) PPFD (nmol m2-s1)
a 7|BMEE b SASE ¢ #0828
a2l 4 R 2| $E0 OE Th=201Ee] 7188 EE(a), BUEE(h), T=0122E(c)
ol BE M0l B g o BE A% A g Bk Hgel mhek 248 Z7bea, @t Aasks 4% Bt
o, 50% AFAA 7Fg Rk 5% 95% A A2l 7l 2L B% 253 A2 TlA 1384412 cmZ 7P A eH,
= g Ael7t AU FARE F7F 3 HSlth WUES A 219 d2ToA 2404104 emE 7P @S He

50% A3l HhE ety
F eAE B3tk

3, thr o2 A%, 75%, 95% At

N ook
|o

4

=4 7] %Jﬂriﬂ 714 ‘33 }\v‘f‘
o] tf7] gt AEE wkedst

ARE, E, Pymax, WUE] 234
o] Ak eldd 5, 2012: Hinckley and Braatne, 1994).
Ao A 7h=LolE9] gét E7F A sl ol w2
7ol A 7]* 7H‘ﬂ o FA Yol dojt o E
Hr} o

borir

C

~

[0

)

42 oo ol A R
Morlr 2 Y H‘I ol

0B
Rl
o
=2
riu
d
rir
30
o
MK
10

7ol 6212£37.9670 = 71 Bekew, %% 2% A2+

A 12.72+7 902 7HE A

A% 57 W2 FAAAT WS 2H3) e A%
2o} AsRe) AF%S ARG, ol 59 HE(T/RE)S
NESATHE 4 B3). T A% ANE - AN 2 F A5
B A% 204 b w9k, A £E0l #0HE4E §
SJapl aaiele S8l 9% A% Az TN & A%ol
7V S ek, s Aol £ A4S A4 Ashet
S EERIEDES

ES 9 549 WEE 4w Slslel 4 AA% A AF
B 2L o8 ZIOR LMAS AHESATHE 4 23,

LMAE A% 2404 714 E9tom, A3 420 37184

o
—1%“\: o gl o H s
= 5 5 5 ) 00
A2 27 Bl 2UGE FYNPYSHY A NgE w

o1th(Bernacchi ef al, 2000: Folt and Carvalho, 2015:
Paradiso and Projetti, 2022). Y802 AF FANM= 5

FEES Fo] Y8l BAe] I 2] 4ojA Y, A
SHEETH AR =4 o] 7t T/R&0] EokA]
,_E}(Lee et al, 2014). & AT L 7R 0lE
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H 4 A M| 20| ME Th=20|Ee] ME Hg
Height growth Number of leaves Top Root T+R T/R LMA
Treatments
(cm) (ea) (g'tree’) (g'tree™) (g'tree’) (gg”) (@mm™)
2.40° 62.12° 2.13° 2.71° 4.84° 0.81° 1.10°
Full sunlight
(+1.04) (+37.96) (+0.52) (+0.56) (+0.85) (+0.22) (+0.03)
6.25° 22.29° 0.94° 1.30° 2.24° 0.76° 0.91°
Shaded 50%
(+3.76) (+13.75) (+0.69) (+0.79) (+1.30) (+0.35) (+0.19)
11.05° 27.79° 1.04° 1.34 2.38° 0.86" 0.82°
Shaded 75%
#2.7) (+20.45) (+0.49) (+0.63) (0.90) (+0.48) (0.03)
13.84° 12.72° 0.40° 0.22¢ 0.62¢ 1.97° 0.57¢
Shaded 95%

(+4.12) (+7.94) (+0.20) (+0.14) (+0.32) (+0.91) (+0.06)
et 2k 210l= Duncan?| CHEER-QAA (Duncan’'s multiple range test) = S24H0| BHEL|Z| %2 AL Dunnnette| T3 AAS S8l At
At EAH Roj4F2 K0.052 MHASIU2D], 2= EAL SPSS (version 21)2 AI2510 4ai5i9Ct 22 Wr+HEEMX(meantSD, n=6)
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