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Abstract

Cornus alba L, is an ornamental shrub widely used especially for winter
landscaping with its noteworthy bright-red colored stem. Its bark coloration
seasonal ly changes as a sign of autumn senescence and is affected by internal
and environmental factors. To find out the proper cultural conditions as a
high-value landscape shrub for the cold and low season, this field case
research focused on the effect of environmental factors, including soil
moisture, relative humidity, and soil pH, on the coloration of C. alba bark
during autumnal senescence., These environmental factors are thought
dominantly to affect the winter bark coloration in C, alba. In this study,
the seasonal changes of chlorophylls, carotenoids, and anthocyanins in the
bark of C alba from August 2020 to October 2020 were monitored. The total
amounts of chlorophylls and carotenoids decreased gradually. Anthocyanins
accumulated as influenced by soil moisture and relative humidity which cause
drought stress. During autumn senescence, the fact that anthocyanin contents
increase under drought stress conditions was verified in the bark as well,
which is normally observed in leaves and fruits. Three anthocyanins were
detected from the bark of C, alba. The major one was found to be cyanidin and
the others were delphinidin and peonidin. The minor pigments are usually
known to have existed in small quantities in this plant. Additionally, as a
well-known affecting factor for anthocyanin color expression, soil pH might
affect the bark coloration. To suggest ideal growing conditions for the
effective coloration of cornus, further researches on the winter bark color
considering the effect of the other environmental factors like light,
temperature, and so on and reflecting on people’s preference as a landscape

element should be performed,

ZFQo]: anthocyanin, autumn senescence, bark, Cornus alba, landscape tree,

pigments, soil moisture, winter garden
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Figure 1. VWinter landscape using colorful stems of Cornus alba, C,
sanguinea, and C, sericea in RBG Kew, UK.
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AIFTH Meng et al., 2004: Takos et al., 2006:; Trojak & Skowron,
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Bl 2URE WRY £B5e QoA 712H A2 QEAohd HHol Has)
Zlo] &&= QJth(Krol et al., 1995: Oren-Shamer & Levi-Nissim, 1997). %
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S
wilmsii, Xerophyta viscosa 53} Z}E AIEE tjAte =z 3t AHE E3] ulg A}
(Balakumar et al. 1993; Sherwin & Farrant, 1998). & T & F7oA
B, &, Terminalia catappa®l &, S48 2] oA AdEAOM =7}
ZolRtl= Y A} (Dubé et al., 1993: Kaliamoorthy & Rao, 1994: Murray et
al., 1994; Ramanjulu et al., 1993)5% ZAX AE#AV} ¢QEA|olI FHES 3
gtk AR S 7P o® ZHiith, AR AEA ZZo] ¢HEA ol IS
F35t= 71Fte] disiM = o}z WHS] oA UA] rHGonzalez-Villagra et
al., 2017). ctigh, 5§ 22} +E8 A7 = AR AEHA XAo] AEA]

ofyl  A3tY H=Zeo} HHH Flavanone 3-hydroxylase, Flavonoid 3,5
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-hydroxylase, DFR, UDP-glucose: flavonoid 3-0-glucosyl transferase,
O-methyl-transferase T3 ZH2> HE A [FA=LL] U] JFE n[x= A
o7 a#A 9lth(Andre et al., 2009; Giordano et al., 2016).
Eo AbET QHEAlohdlel T3l Ay wde] Qg mATh Suzki(1995)%
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AEAoPd S Atzof whet ohE Feho] 233 /3
225} (Castaneda-0vando, 2009), ©|Z Qs = FolA A& U] Al
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QHEAloP qho] HAEW AzAL AU 53} B AETLE 5 3etEa
of &3] Ttlorst k28 HRItl= Zlo] &d# A Qlti(Bongue-Bartelsman & Phillips,
1995; Dixon et al. 1994: Ferreres et al., 1997. Nemat-alla & Younis, 1995
Oren-Shamir & Nissim-levi, 1999:; Rajendran et al., 1992).
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AWAUFE FFURI BAUE &9 4SIUTE 92, 33, 23} 39
BT, YAEE Ao Agsh dalolt A4t girkel 3, 2003). Eiel§
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4 @B} BEen Uy 2B} 4FY WHL TUL Urh(Dorling, 2016).
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7} thEAo|tH(Dinda et al., 2016; Huang et al., 2017). nfAAbyEfolx= Huj
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oA SetxolE, ¥, olglxolE, EfHEN, RLgEH, {74t
B4 5 o 30001F] Hyt=ol FEEHANL B BRI, AR HE, Pk T 4H
Aol W AFE T3 FHA=THHuang et al., 2017).
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(Isaak et al., 2013). quer‘cetml]- kaempferol (Pawlowska et al., 2010),
cyanidin(Seeram et al., 2002), delphinidin(Vareed et al., 2005),
pelagonidin(Du et al., 1974) T T3 AHEo] FUALIFES] dnfolx UAEF
Arct.

A AUHRS A= dlolul 3 E tideR 3 AFe Hrfder =8
o] FojZltt. Mudry®} Schilling(1983)2 u|FAtELe glofA AR E F=AEl
F&stgdct AUALUE A2} 3] 2 HE Cyanidin 3-galactosides7} F+&3F &
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= Aolde A thd A& FEALUR ‘obedol (€. alba ‘Aurea’ )7t ¥
21 QoA B 27 thE B3 2ol Sl A tiAE A skt
gt 2o QtollME Ak Fzt AR UrhA] F3 Zol] o] HE 3o A dd
of dFE A FAY 8JLE M2 EY 55, FUSE 5ol A2 BH3] A
o7t | o ogEE Haol thy AE0] FAlol Aol AHE FHob Hla 2
Asigict. of&e] dEAJoMd 1l st

L2 da 2 HF(Rabino, 1986)ol 23t 3FS Aofs}al
A %= B2 ARbsialct

AR 2 FHYE ejetdo] A8 A|EZ4EH(Chollipo Arboretum, CLP;
36°47 ' 56.98 "N, 126°9 1.3 E)z} A= ZEAlo] 9x]3t HZAIEL(Pyoung
Gang Botanic Garden, PG: 38°3 "59 "N, 127°18 18 "E)& A At} Table 104
BE A3} o] CLPS ool X AR Fio] NrTe] B} HEIt &S AOE o4t

¥l e CLP19} PG1, Ritf2 u2 Zlo g oiE =
=3

b
flo
=
3
o
o
&
K
oX,
ok

2,

Table 1. Information of test sites.

Soil moisture

Test site Light Location (Expected * )
CLP CLP1 full-sun around a pond wet
CLP2 full-sun arid area dry
PG PG1 full-sun around a pond wet
PG2 full-sun arid area dry

* Soil moisture was not measured before the experiment, During the test
it was measured and the expectation was proved.
CLP, Chollipo Arboretum; PG, Pyung Gang Botanic Garden,

10 - ; H k: 1_'_” e



Figure 2. View of test sites.

3.1.2. dF A=

AT AMee FALURF

P (C alba ‘Aurea’ )E&

O

FAMNE
tjare g2 5}911:}(Figur‘e 3).

—1—3:]5;_} oh *]‘a“’ﬂ ‘rr%ﬁ}‘— JEQXHL]-_,_

—2“1_ ANAEoletal 74 steict.

(A) CLP1; (B) CLP2; (C) PGl: (D) PG2.

o Aol M FH A= FF
73

AW BS

Figure 3. Cornus alba ‘Aurea’.

(A) leaves in Jun; (B) stems in August.
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(e

ATE 7HEE AU o WSt A4 SRR WHEE #Es]
o] BHolng 8UFE 10¥7IXE i 2 sttt 8H-FE 104714 4
(B2 o U )02 o 234 ARE 2FstAct
CLP1, CLP2, PGl, PG2 BRE Fzloll= Azfgt 2] 5 o|4 H
#op 7t 2t F=tuict 3~6F o4 Atetal vt ZF #EE& 35EStA
o 2R Al FRRIE 370R] ZRAE AR st AaiuUREE Wdel ARgt 714
7t Aol 7hg Adwgstal wde] & EHie HE s (UITZ 5 2014), BT
Fdof zgt 1dA A—IZAE oA FE 30cm7bA| gt Aj st A E TR =
A7 F o3t 22 FIRt BA JAFEYE F -18T o]ste] XA BH

et

2 flo o

w

2. %7

3.2.1. B &, HUFE, 2%

Z+ A¥ ZrAnlch 10HS Soil Moisture Smart Sensor(Onset S-SMD-M005, Bourne,
MA, USA)&} 12-Bit Temperature/RH Smart Sensor(Onset S-THB-M002, Bourne, MA,
USA), Solar Radiation Sensor& Z XR.7|AtAE|o]x(Micro Station Data Logger,
Bourne, MA, USA)& 171 Ax|ste] ZA} 7|7t Tt 18 HFHos 2%, B &

=, HrigE YRE 71Sstact

—,

3.2.2. B x=

2020 10 =5 F Fgoll ZHZhe] ApolE &
25t B4 30cm7tA]| o] Bk $]—}9,1:} ZA =
¥

T2
MztEetaAo @il {4 50ml& Tt
&3t
=
_=

L°

o
OO
oN -
=l
T
Z
i)

jud|
=
= 287|307 28 rpm=180)3}3. 3027t A Xx|gt ¥ pH p|ElE EoF At

%33k,



Ay F W EAstAd 3 T0mgs HA el 10mL DMSO  (dimethyl

sulfoxide) &oo] & ZtA 10mL F2]Ho] Y 66CE AAH 3F27]ofA 5A]7H

ZEISle] MAE FF359tH(Hiscox & Israelstam, 1979). F&3F g4 Biiuo

Al(wavelength range 190~1100nm, spectral bandpass width < 1nm, wavelength

accuracy < * 0.5nm; Optizen 2120 UV, Mecasys, Daejeon, Korea)E& ©|-&3}o]

665nm, 649nm, 470r1m.4 & GHEE ZA5tSL, Wellburn(1994)2] Alof uwla}
o=

AELa, b, ath, & F}RE|o|E kS AlZs}loT)

Chlorophyll a content (pgml™) = 12.47 Asssom - 3.62 A649nm

Chlorophyll b content (ugml™) = 25.06 A649rm - 6.5 A665nm

Total chlorophyll content (ugml™) = 21.44 A649m + 5.97 Aé65mm

Total Carotenoid content (pgml™) = (1000 A480na - 1.29 C. - 53.78 Cy)/220

3.3.2. & QtExo}d &k

AADLE A47h 7 Aol AE Smgd 7 ¥ ule] Eastel Fuly 23
%"-‘,‘(acetoneZ%%—’f*—lglacial acetic acid=49.5:50:0.5) ImLS 2 2mL FXHo Y
3 2087 Eﬁ oA gl E ¥ F 1027t {4=e(15TC, 15,000rpm) 3t Th A4S
TS #Fol 0.2um syringe nylon filter2 Ze{uUo] EAoPd FE4E& FH|s}al
t},

Z QIEA|ol 3teke pH differential methodE o] &3t ZASIPYTHGiusti &
Wrolstad, 2001). Ui &3t £ 0. 1mLS 0.025M potassium chloride buffer(pH

1.0)2} 0.4M sodium acetate buffer(pH 4.5) 0.9mLoj] Z}Z} Z3}&}od 520nm, 700nm
o N EHHFEAZ FHEES FHSIATE F AEA O HHE o) Ao
= Axtstact.

Total anthocyanin content (pgml-1) = (A x MW x DF x 1,000)/¢ x 1
A (Absorbance)=(A510nm - A700nm)pH 1.0 - (A510nm - A700nm)pH 4.5
MW (Molecular weight of cyanidine-3-glucoside)=449.2

DF (Dilution factor)=XA|& 3Z]Anj+

13 - &1



Figure 4 Determination of total anthcyanin content using the pH differential
method,

3.3.3. QHEXoI JE

NymanZ} Kumpulainen(2001)%] A3 vhHES X XR3lo] AEZEHE 7l4Esigr gt
Exold &S F&314Tth JI9E ZA AE AlE 50mgS 2M HCl in methanol
& 6uLo] Eol Sl 1omlfre[Hel Y3 90CE AP F27]oA 508 T F
Speol FEahalr,

A EH oA QEAOPIE th7l pelargonidin, cyanidin, delphinidin®] 37}%]
e 2 FZo] E M (Jaakola, 2013), o7]o petunidin, pepeonidin, malvidin
tla] ol4e] 6717t 7H tEA QA tEAJohd EFTHChung, 2016). ©] L 2L
#3lo] o] 6717 QtEA|old A E(aglycon FE)S CaymanAtZH-E F5t A
2 71E BAR slol @A FAeEslelo]l 23T 848 Agtitt sARIARE
7171 %4 (NICEM) of] HPLCiZA] 2] 2] 3taitt.

3.4.54 &4

B AgodE B3 4B Aol mel ofs W ZWsiglens Aue] 7z
Zkoll thsiA = o] {dutESH FAHEA] (Two-way repeated measures ANOVA)S- Ap-£-3}
of TAEAE AAIsIAA, AY Bas ol BF FE Alolof thsiA = theE
ET-test(Paired T-test)E& A}&3lo] EA3tQct. A=W [BM  SPSS
Statistics& AR&StlTh #& & P < 0.062% dFst3rt

- 14 - f*_r‘],)\“l'gtﬂﬁ]'j
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A4z A =
4.1.37

4.1.1. B Fx H3

CLPof] A¥ tiax] F 3ol Eof £%2] W3l:= Figure 5(A)ollA 2} Zgith
CLP1Z} CLP29] EoF 422 w|ashd, ZA} 7]7F vy CLP1o] A% HQtHP =
0.001)., & AL 712] Eok &t xlol= HF (0.162 + 0.033m/m CLP1o] &otc).

—— CLP1 (Wet condition)
—— CLP2 (Dry condition)

045
040
0.35 1
0.30
0.25
020 - "WN\HMA\\
015 |

0.10

Soil moisture (1:13 111'3]

Ll L) |
222 229 136 243 250 257 264 271 278 285 292
0.50

B —— PG1(Wet condtion)
0.45 A —— PG2 (Dry condition)

0.40 4
0.35 4
0.30 4
0.25 4

0.20 4

Soil moisture (m3 m™3)

0.15 4

0.10 T T r g T T T
222 124 226 228 230 232 234 236 238

Days of the year (DOY)

Figure 5. Soil moisture change in (A) CLP and (B) PG.

- 15 - ; xﬂ "‘! 1_'.]'| '{fllr It



ol 149 F<t vzt o] g 2020 8Y 269 oF 20AF F ALY E
52 xlo]7} 0.232 + 0.001 /2 7} Zith A7k 70, 8mm W] 7} LBl 3
ol 2020 949 3 A A7 F AL EY HE2] xo|7 0.1 + 0.014m/
7H3 Zkokrh
PGoll A thdA] 7 8 B 558 W= Figure 5(B)ollA &t Zalrh
ARLE 2020 8Y 9UFE 2020 8¢ 25U7A|gt 7
T ATt webd 993} 104 E olojx= AEZFQ RHAE L HIE JVFYE =
712 Wiul PGlo] Al &ekom (P = 0.001

! -101' o2

=5

o}

ﬁr&t
2

Ir

~

3

I
T ALl EoF &% xlo]l= H 0.069 + 0.021mi/ o] gt

CLPoll A3 i 7 3o A3+ Yhs=e] H3k= Figure 6049t ZTh
ZAF 712 T CLP1S] ¢ & FF 90.823 + 9.522%4913 CLP2= BT
87.544 + 11.402%%iT}. CLP1 Atf& =70 CLP2ETH B 3.279 + 2.836%
EQITHF = 0.001). oA 18Y Fot v|7} WiglA] ¢} 2020 10 5¢ F H4Q

A 422 xpo|7} 10,807 + 4.466%= 7H3 Zth.

© o @l o
oZ.
1

110

—a&— CLP1 (Wet condition)
- CLP2 (Dry condition)

RaSter

5

Relative humidity (%)

80 - 60 of
Qs
70 -
50
50 T T T T I |

220 230 240 250 260 270 280 290
Days of the year (DOY)

Figure 6. Relative humidity change in CLP,
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PGoll A9 thy=] F o] Aris=e] W3h= Figure 7oA et Zofth. 24} 7
- +

o]
ZF Bk POle] ABF AThEEE

B 96,205 + 2.386% Q3. PG2= =F 94,991 +
2.831%99 T}, PG1e] Ati&=7F PG2RETE HAF 1.213 + 0.58% =QTHF = 0.001).

105
—a— PGI (Wet condition)
-3+« PG2 (Dry condition)
L
&
2
= 95
=
g -
k-
ég 85
80 T T T T ' ' :

Days of the year (DOY)

Figure 7. Record of relative humidity in PG,
4.1.3. &&= #H3}

CLPo] A% tiatz] F 3] 2x2] W3l Figure 8(A)ollA el Zgith 8N
1042 A|7to] 2| o] uwig} CLP1oA =& 8d - 26.182 + 0.893TojlA 10
B 16.434 + 1.888C o8 HAAHOE yrolArl CLP20A 2=t 8d HF 26.3
+1.023CollA 10 HF 16.543 + 1.857C2 2 HAFHoZ vlopzr],

PGol A 2] &= 3}= Figure 8(B) o4&t Zth, XA} 7|7t E9F PGlofA o] 4
o 7|22 B2 23.553 + 1.181 Co]M_L PG2o A= HF2 23.738 + 1.160Co| &)
t}.

- 17 - ME2T



Temperature ("C)

Temperature ('C)

18

15 +

] A oo —a— CLP1 (Wet condition)

-2 CLP2 (Dry condition)

| : T ' | ' | ' | ' |
0 230 240 250 260 270 280

B —&— PGl (Wet condition)
-0 PG2 (Dry condition)

222 224 226 228 230 232 234 236
Days of the year (DOY)

Figure 8. Temperature change in (A) CLP and (B) PG
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ZA} thAkR|e] Eok AlE = Table 29} ZQITh CLPS} PG F #A RTFolA IR
FHQl CLP1 (pH 5.62)2F PGl (pH 5.46)cllA] ofitd F2 4HdE& wlglch e
CLP2 (pH 6.67)2} PG2 (pH 7.4)ollX = FAdol 717H8ich.

Table 2. Soil pH in CLP and PG,

Test Site Soil pH

CLP CLP1 5.62
CLP2 6.67

PG PG1 5.46
PG2 7.40

4.2. 954 9 FIRE|xo0|E 3

1.2.1. CLPlA Y F GFA W FATeols Faye] W3

CLPoll AAH AL £3 288 AT ARl 243 G54 ast ¢
54 b UHFS AR FT GEFL U I Figure 9(A)01]A 2} Zt} Eok
S5} B2 79l CLPlo] AxjH wkaupRe] SujoAe] = @24 are 8y
Exl 3 0.889 + 0.129mg/gollA] 104 Ylx] 3 0.607 * 0, 032mg/g_°.§ Mo
Hadste A ot EY 27 W2 B CLP2of AlAjH AR £
oo & FEA T2 8d E#] F 0.998 £ 0.04mg/goll A 104 Yz F 0,594
+ 0.02ng/go = %‘?ﬂ’—ﬂgi 7+ st ch

L=3 .

4, (P=0.842)
cLpol Aap Angxﬂu}T vl @E4 as @%a b Uue WAL 22
Figure 9(B)2t 9(C)ollA &t Zom Figure 9(A)ol| A2} vttt B3y o = wstsiolrt

7% :

CLPoll AlziH AUALFL] I 2R 23T A RoA 43 F FIEE| o]
E U2 Figure 9(D)ollA et Ztt B SE71 &2 A Q! CLPIoA F JI2E]
Lol 3taFo] 8d E#| F 0.283 + 0.034mg/gollA 10€ Yz F 0.142 *
0.01lmg/go.2 HRFog ZIAslgcrt. B S=7F W2 37l CLP2oA &= 8

- 19 - -2t



=7 F 0.320 + 0.018mg/gollA 104 Yz Fof= 0.131 + 0.005mg/g 2.2 ZrA-35191

T},

T Aol AH BUAUT £39 F F2elwol= Hpe WE ulwstw
CLP2o A BT} CLPIoIA FFEE|Ro]l= o] &2 F¥S HAXT SAHLE &
2lulstA|= ¢gkrh(P = 0.792).

12 0.7
A + CLPI et cuﬂdmuﬂ B
v condition 06

_; 1.0 - L~

2 05

=08 =

% 5y

- :

3 0.6 03

A
04 C 0.2 D
033 033

o fan

Top 030 4 EJQSﬁ

b s

E 043 3 025

= £ 02

= 040 + 2 0.20

o 5

033 ©0.15 4
1}31} L ¢ T LU L B BN R B L B T T T T {:IH} o i Y L T T T
230 240 230 260 270 280 290 300 230 240 230 260 270 280 200 300

Days of the year (DOY) Days of the year (DOY)

Figure 9. Changes of chlorophyll and carotenoid contents in the bark of
Cornus alba in CLP from the 2™ week of August to the 4™ week of
October(n=9). (A) total amount of chlorophyll a + chlorophyll b: (B) total
amount of chlorophyll a: (C) total amount of <chlorophyll b; (D) total

amount of carotenoid.

4.2.2. PGOA 9 & €54 9 FIRE| ol FF W3}
PGoll AziH FALALHFS] I ZFE 23 g A Bl A gt
2 be] sgakg Akl & 2 4 3ol W3 Figure 10(A)o]
Tt &2 B4 PGl = ZALE AR 8Y E#f F 0.979 +
o dzj Toﬂ 0.613 + 0.122mg/g .2 38.2% Z+A3}gic}, 3t PG201] e 8d Ex)
126 + 0.113mg/gol 4] 10 Yz 3 0.657 + 0.017mg/g 0.2 41.7% ZtA3}aic),

2
1.
T Lol A AU fIoM e F JF5L U S vlastd AL



712t ¢ A2 Z Aol glo
PGl:Jf PG2ell Aj=§ " Q%}iﬁb}
2} Figure 10(B)2} 10(C)olj A2} %;Sltﬂ Figure 10(A)o]lA &} Y]
staiTt.
PGol Al 2f 33 AlRoA AT F FIRE|o]= U2 Figure 10(D)ollA &} Z
Cl. PGloflA 84 Exf 5 0.280 £ 0.040mg/gollA 10 Ylz] F 0.198 + 0.012mg/g
o2 FHRFoT ZhASIYcE PGoAE 8 E#xf 5 0.289 + 0.008mg/gollA] 104
s Fof= 0.206 + 0.011mg/g 22 H2H oz zhastadct. 84 dzj F o|F PGl

2} PG2ollA 2 zto] glo] HXHOE Hadshs FHES HITHP = 0.221).

0.6
12 ]A —e— PG (Wet condifion) B
= —o— PG (Dry condiion) i
S P |
B0 1.0 - Ton
g o
= 5 04
208 =
o —
g 06 4 S 03
02
04 T D
S35 4
M. 0.6 o 3
= i}
o 05 E 030
g 2
= 04 g0
" 03 & 020 4
02 T T T T T T T T 015 T T T T T T T T
230 240 250 260 270 280 200 300 230 240 230 260 270 280 290 300
Days of the year (DOY) Days of the year (DOY)
Figure 10. Changes of chlorophyll and carotenoid contents in the bark of

Cornus alba in PG from the 2™ week of August to the 4™ week of October.

(A) total amount of chlorophyll a + chlorophyll b;

chlorophyll a: (C) total amount of chlorophyll b;

carotenoid,

_2‘|_ !-

(B) total amount of
(D) total amount of



4.3.% ot xJo}d 3tk

4.3.1.CLPoJ A 2] & QtEA|oly] Jaf W3t
CLPoll AlzjE |mAURe] % erEAlopd ¥rare] W3l Figure 11(A)o]A9}
2T} CLPI3} OLP2 5 4 RFo|A 99 Sx) F7palE ehEAlohdo] AEHA o
ofth. F Fa BT 94 Yl A FRE #2337 Ased CPlAE 109 U
O

HE= 3ok

r.E:

o

A —a— CLP1 {Wet condition)
—— CLF2 {Dry condition)

= &
(& -
| |

Total anthocyanin (mg g'l)

&
o
1
o]

¢

0.4
B —a— PG1 (Wet condition)
b —&— PG2 (Dry condition )

0.1 -+

Total anthocyanin (mg g'l)

0.0 +

R I B S T e
230 240 150 260 270 28O0 150 300

Days of the year (DOY)

Figure 11. Changes of total anthocyanin contents in the bark of Cornus alba
in (A) CLP and (B) PG,
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CLP1oAM = 9« Yzl F 0.008 + 0.017mg/gollA 104 vz F 0.223 *
0.13lmg/g & HAA O T Z715tgt}. CLP2oA = 94 Uizl 3 0.076 + 0.044mg/g
ol A 10 Wzl F 0.306 + 0.238mg/g T Az o7 Z7}slgitt

T AL e F AEA O 3“’—*91 2tol= Aol migl zpol7b JUATHP =
0.043). CLP2e] & QtEAr|ohd 3Ftako| CLP1ECT} 0.1%8] FoHEE xlo]E RYT
(P =0.069).

-

4.3.2. PGol N 8] ¥ ehEAobd 3y W3}

PGoll HEhafLLF-e] & QtEAJolyl +aFe] W 3l= Figure 11(B)ollA 2}t Ztt. PGl
I P62 F A UCOM 84 Yz F7ix= QtEAolule] AZER] ¢kgkrizt 9Y
2 Fol PG2ollA ™A F2E7] AZET) PGloA &= 9Y¢ Ux] FFE FEE7|
A 2HEiTt,

PGl A= 9¢ daf FFE 108 Y F71x] F F UAHLRE 0.039 +
0.047mg/g, 0.087 + 0.095mg/g, 0.107 + 0.055mg/gl.= AXHO =T Z7Istaict.
PG2ofl A= 949 Uz FFE] 104 Yzl F71%] F F 40 F 0.021 + 0.02mg/g,
0.058 + 0.044mg/g, 0.224 * 0.248mg/g, 0.271 + 0.309mg/g .2 FHRAAH ST Z7}5}

oo Alo}
PGlof A Ett B 0.085 + 0.173mg/g =HTHP = 0.029). SFx|RE A] 7t
! ).

=

T A e T AEAlohd T Aol HAFHOE PGojA L T AR
ol t
£ Apol= HolA] dgkTh(P = 0.875

4.4 QtERoldd HF

4.4.1. CLPo] A 2] QtEAJobd Q3L w3}
CLPol Azid HL2fLIF 3| oA 8] tEAohd AdF2] WEt= Figure 12(A)o]
7

Aot Zrh EY FE7F B BAQA CLP1 AXFE QI CLP2 7 Fa EFofA

~

cyanidin, delphinidin, peonidineo] Z&% it}

CLP1ol A cyanidine 8¢ Ul#| —r—r51 10 Y F712] F F 744
+ 0.239mg/L, 12.343 + 2.923mg/L, 21.805 + 1.897mg/LE A=} 7raict.
Delphiniding 9¢ Yz Fof 0.59 + 0.281mg/L ZAEH o|F 104 Y| 0.486
0.073mg/L H]==3F oFo] ZHEE| QPO peonidind 10¥ uz] Fof 0.097
0.281mg/L &% Tt

o

Z 1.012

I+
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CLP2o|A] cyanidin< 8 Yzl Fof 0.854 + 0.152mg/L, 94 4ylx] 3 13.353 +
1.127mg/L, 104 Yx] 3 23.492 + 0.655mg/LE A=} Z7}5t Tl Delphiniding 9
o Yz Fof 0.327 £ 0.042mg/L BE&E 2 109 Yix] 5 0.395 + 0.097mg/L H]|=
gt oF AZE|9 O peonidin 10€ Yx] Fof 0.061 + 0.001mg/L A% gt}

4 2+9] cyanidin ©¥Fe] zlel= A o= CLP27} CLP1ETH ¥ BHE

ARt EAA O Z Fou|stR]= QEUTHP = 0.764). delphinidin®} peonidin 3
o

-~

30

A e 1Cranidin (CLPD
25 | —o— 2 Cyanidin (CLP2)
—»— 1Delphinidin (CLP1)
—&— 2 Delphinidin (CLP2)
20 A —m— 1 Peonidin (CLP1)
_o— 2 Peonidin (CLP2)

Anthocvanin amount (mg L'1j
—
=

5 4
E] 4
-5
e B —— 1 Cyanidin (PG1)
O UL —o— 2 Cyanidin (PG2)
S —v— 1Délphinidin (PG1)
E 8 —s— 2 Delphinidin (PG2)
=
2 6 1
=
o
= 4
£ 4
&
8 21
-
=
< 0 - * % —

230 240 250 260 270 280 290 300 31
Days of the year (DOY)

Figure 12. Changes of individual anthocyanins in the bark of Cornus alba in

(A) CLP and (B) PG.
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4.4.2. PGolA 2] QtEAJold J& W3}
PGoll A2d ALALHE F3ofA 2] & 2] W3}= Figure 12(B)o
Aot Zrh PGl PG2 7 B4 EFolA cyanidino] HEE SIS PG2oj ARt 472

delphinidino] Z &% ¢},

/k] o].l,] 23

e

L4 o]

400

35.01

30.04

25.0

20.04

mAU

15.0
10.0
5.04

a .
0.0 ¥ ¥

507,

40.0

35.0

30.04

25.0

mAU
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d f
00 ¥ ¥
-50_v T T T T T T T T T T T
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Figure 13. High performance liquid chromatography (HPLC) profiles of
anthocyanin aglycones extracted from the bark of Cornus alba in (A) CLP1
and (B) CLP2 at the 4™ week of October. a,delphinidin; b,cyanidin;

¢, peonidin. d,delphinidin: e,cyanidin: f,peonidin.

PGlofA] cyaniding 8 uYlz] FHE 109 vx] F71z] & F 7tFo =% 2,282 +
0.532mg/L, 3.295 + 0.777mg/L, 6.124 + 1. 554mg/LE Az} Z7}stgict.
Delphinidin& 94 ulz] Fof 10.0527 + 0.28lmg/L ZHEH o|F 104 x| F
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9,963 + 0.073mg/L H]Z=3F oo] AZEF Qct

mAU

—————— T ——— —r—r—r————r—T—
5.0 10.0 15.0 20.0 25.0 30.0 35.0

Retention time (min)

Figure 14. High performance liquid chromatography (HPLC) profiles of
anthocyanin aglycones extracted from the bark of Cornus alba in (A) PGl
and (B) PG2 at the 4™ week of October. a,cyanidin: b,delphinidin;

c,cyanidin; d, delphinidin.

PG2o|A] cyanidin< 8d ulz] Fof 3.540 + 0.889mg/L, 94 uYz] F 4,056 +
1.616mg/L, 10 uYlz] F 8.239 + 3.467mg/LE FHx} Z7}519dt}. Delphiniding 8
o Yz Fof 0.075 £ 0.129mg/L AEE S 99 Ylxl 3 0.056 + 0.097mg/L, 10
a3 0.097 + 0.168mg/LE |3 o] 4% HAEEJCH

T B4 78] cyanidin Y zlol= HAH L PG2oA 7L PGlof A Kt 2 7

FE HAAT SAHOE {ou|stAl= UUTHP = 0.672).
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A5 2

5.1. WA 3] ©F3 Ao wet

= A7 Az, J7HEE 712o] Yol ubel FLUAUT oA dF4, Tt
REE|kolE, EAol FEFo] WHsta I A3} thFo] UAste AL FlstA
=3

ZAF 717091 8 F-E 10¥71A] GF 4= CLP13} CLP2o] AziH UL 3
of| A Z+zZh 31.7%2} 40.1% 724351 PGIS'/]- PG2ol| X = Z}zZt 38.2%2} 41.7% ZtA
AtH(Table 3). 7F&E 7]2o] ZATe wel YPEF T oA GEF4 o]
HEZ SAlol Z3l% 7] A 23THDean et al., 1993). |ALFo 22 Kof
st= w535 (Cornus alternifolia)®] QA& thdeE 3t AFHAME TF
A AT dollM F FFL §afo] 26.65 + 2.59ugem ol ST} thEo] $A

I
E & 1,26 + 0.91ugen?0 8 ZEAFIE Aol ddA thLee et al., 2003).

iy
N

U
o —

22 gigo] ALUALT FIAME dojuts A& & AFE Sl Ef°‘5}°*13}

T3 GFLE GPEGFAAA o] gl ol B3 IS 7144 FYA
= B3 BrIES FFote 98-S St (Bossard & Rejmanek, 1992), +I[o &
4 TS Yo G54 HPETE 2o 3|7t Lio] Fol wel o] Foj=rth it
Hog Wdx|e B9 T IF4 o] oo JF4A UYHT} of 200 BE A
Zlol delA 2rh(Pilarski, 1984). Lee 5(2003)°] n|=3SUF& o= &
AgollA Ao F GF4 o] 95.3% ZAZ Hlsl, 2 dAFolA ALLF
o M= of 30~40% ZrASto] MrfFog ZhAFo| Zgltt o]e Il PF4
o]l glofl F4 FYHETE Zlopa MriF o AFJo]l FolE ZLoE HQlth
rk oplel 2 Ao dE4 T WY FAE 38 & uf ZAFE npH 10
d 4 F o]FoE PFAL FaUt AL JBH FoE o JF4 FE uf
AR G54 ZaFol o A ZoE ogHT]

Al CLP1, CLP2, PGl, PG2ol Alj® kAUl Z3jolla zbz}
49.8%, 59%, 29.3%, 28.7% 2+A35}oitl(Table 3). THEo] == Z}AHoA FIEE| 0]
E= A dEE gt Alde ©FE LA E SHA|TE =Fo whetd o
E 49} ¢ Esf¥Hch(Pallardy & Kozlowski, 2008). n|=ZZLUFE H|Eslo| #F
ROE, AUUE, vIEFAUR, ASEHUELE, FLeRUR, B S
QoA THEO] = el FIRElmolEr} EalEE Zol aeA dirhlee et
al., 2003). B]ZFEUF Aot & JRE|wolS fo] W B/ A 2.31

+ 0.24ugem oA whEo] HAS] = F 0.83 + 0.37ugem O R 64.1% ZHASHGTE

£ Aol AWAUT $3o] FHZE| oS HUFE Aol wet 30~60% 2

=

=
C
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= AgA W=t o

(e}
QFEA]opylo

TE R8st 47) Ao |
AEER] Itz 109 A4 uhgl 0.107 £ 0.055 ~ 0.306 = 0.238mg/ge] <t
ExJoldo] AEE|Yct. o]= Isaak 5(2013)0] AWAL}F2 2 &2 sk

RS the® g AFoA 7hEolA AZE AZto] Aol whet FEAJob 8]
gt A EQl Cyanidin-3-glucoside®] 3| ] & $tako] 73 A7 1g 130166
pgoll Al 869~1,263ug 2% ol Z& FIG 72} vid Azt= & 4 gQlth 9]
Kol &AM njFE3UHe QoM E ©hgo]l E7] Aols tEAlohdo] UAEA] o
T} ghgol A3l & F 3.0 + 1.9ugen™ HAEE o] 71&Hol QEA|olHlo] A|FA
PEE= e HAR A7 9lch(Lee et al., 2003).

Table 3. Changes of chlorophyll, carotenoid and anthocyanin in the bark
of Cornus alba in CLP and PG,

Test Site Vonth Chlorophyll atb Carotenoid Anthocyanin
(mg/g) (mg/g) (mg/g)
CLP1 August (mean *+ SE) 0.889 + 0.129 0.283 + 0.034 na
October (mean + SE) 0.607 + 0,032 0.142 + 0,011 0.223 + 0.131
CLP2 August (mean *+ SE) 0.998 + 0.04 0.320 + 0,018 na
October (mean + SE) 0.594 + 0.02 0.131 + 0.005 0.306 + 0.238
PG1 August (mean * SE) 0.979 + 0.03 0.280 + 0.040 na
October (mean + SE) 0.613 + 0,122 0.198 + 0,012 0.107 + 0.055
PG2 August (mean + SE) 1.126 £ 0.113 0.289 £ 0.008 na
October (mean + SE) 0.657 + 0,017 0.206 + 0.011 0.271 + 0.309
5.2. B¢ 5% Ax AEHAI UANT 3o FER
ohd Aol nA= %
5.2.1. B¢ - WU AX AEHAQ 43
B dvel A7, E¢ 4% 59 A2 B¢ Bo] LAUR 43o 718



YEAod B4 ° FHof g2 njxl= ZleE Helch

AES AW Pt PC F iAol BF EY S=7F w2 A2y B7FA
CLP29} PGZofl AziE AL S3oM Hojdos EY 27t &2 B4
(CLPZ, PG2)Eoll I3l 743 tEA|ohd Aol 35 Al7|= e AL et
A& B¥E HrhFigure 12(A)2t (B)). EY §=7F W= |74l CLP2, PG2o
AE AL oM EY SE7F B2 BaEl HlE I AEAOM U
ol ztz} 2742} 60.5% Ul A AEEch AEAohd gAdo] AzEE AFE W

—_—

2bA] CLP2of| A[zi" ALt F3oflA= CLPIET} 4571 PG2oll Ajzid Abafjt
T o= PGlETE 2371 whEA] QtEAlohdo] 24 A 07 HAZE ] A 2T
ol EY Ul & FF50T fuse AR AEHAI AEA Yol adEA o
AL ZFR3tt= ke A ZAI}Gonzalez-Villagra et al., 2017)2} & x]3tc,
5%, &F%, HElolE, FIAIES § it MeE F o duf 5 71
1=

b ARolN Az AEdA 2N HEACh] HH o] ol

=

oo M ook
o
o
lo
et
Off

o] #elx]ait}(Alexieva et al., 2001: Kalefetoglu & Ekmekei, 2009; Sanchita

et al., 2015; Santesteban et al., 2011). Casuarina equisetifolia®] -FZEolA
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Al Azt Wde] J¥E uAe Aoz oA glri(Castellarin et al.,
2007b; Andre et al., 2009: Giordano et al., 2016). F-HZI LT ARAEH AL
CHS, Flavanone 3-hydroxylase, Flavonoid 3,5  -hydroxylase, DFR,
UDP-glucose: flavonoid 3-0-glucosyl transferase, O-methyl-transferase 53} Zt
L& FAx}52} Myeloblastosis A (MYBA), Myeloblastosis 5a (MYB5a), MYB112 S5-3}
Zre Axpelxte] WEH S AMSFZRAZICH Andre” et al., 2009; Berdeja et al.,
2015; Borsani et al., 2010; Castellarin et al., 2007: Lotkowska et al., 2015;
Mart:i'nez-Lu'scher et al., 2014: Nagabhushana & Reddy, 2004). o]J=
phenylpropanoid ZEol d3& n|x B3 vbg Al Fuf Lo K& &
¥ FI7HTIZ 3 AR AR w9 AEAd & FIMI
(Gonzalez-Villagra et al., 2017).
Az B 20A AEAIZE dEAloId AHE FHst= olfel tisiME
chekst o] Ao] glt}t. Chalker-Scott (1999)2 AR AE
=

FAAA FL2A UAZE gole 2FY 24 75 vt £

¢
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Th SA7 Hughes 5(2013)2 prolineo|ul 874 B 53 &ol Al o th&

S5t AR 2 JleS Hoh A ¥ 5 e Sl vls] dEAlohd 3}
b

&
A 71%5& 317] o™tz FAS17]|= gt} Sperdouli®} Moustakas(2014)= QHEAX]
ohddo] Az AEdHA THolA Fitst 2HARA Fa3 7S i FAI
t},

5.2.2. 4552 3%

B =3 AR tf7] 5o AusEE AES BT F iR B
T AR Fo X3t HAES(CLP1, PGl)olA EQF FE7F & H4(CLP2, PG2)
ol vl =drh(Figure 63 7). AA ofg] BHA EY FEo HulgEs A
2 #7132 i WHSH d¥E FiL & o A=A Ul Az AEHA 24
of d¥S Frhe BE Y o, FLALT oo M4 TR W] HUgs
7b vl 4% BEY 559 273 Zrial & 4 vk & A= @2 of
o RN B SEE Yl ASAV 3= AR £EdHL R BolA EA|
obd 44 W Hdo] £0Y 4 v}

5.3.QUEAlobd Qi Hsteh WWAUF 43 44 ud

5.3.1.FEAJobd A+ 3

ALz LEL] A= 322 ¢tERX|olY AHAE = cyanidin, delphinidin,
peonidino| H&Eglem, 1 SEHA U] F 4SS 1
o|gicH Figure 12,13,14).

CLP&} PG FZ cthArz|e] U LIFE F3|oA EF cyanidinZ} delphinidino]
BEE AL CLPOM = 478 peonidine ZAEE AT ALY T} E EF5<
‘Al8] 2] 7H(Sibirica)’ & = A= gt A3 o A 2%2] cyanidin
(cyanidin-3-galactoside, cyanidin-3-arabinoside)®} 42F2] delphinidino] A
soche 7128 dF-ef visegt A3 ThDu et al., 1975). 4®2] peonidino] %
ol AEH A 7Eo] ATSolN BAY £ g LhEolAT HLAHUR A
Wlel7ksibirica)' o] Qolup dmj B3t 2 3 olge] TE FBBold
pelargonidin & TIE &/ EAohdo] £% AEEHE= Z-¢5°] HiE ot}

(Bjorgy et al., 2007). IE Drkenda 5(2014) IwhaL}R-o} ke Lo &3t= n}

Y,

< cyanidino] C}EF

o
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AU Falof 7MY FoF AdEAlohd AdEQl cyanidind CLP} PG F &
4 RFolA 8YFE 10971x] 2 #Eo] AL solulth. ol Issak F(2013)°]
LIRS thde R 3 AN I HE 3o MY FR3F AEAop A
< Cyanidin-3-glucosideoln] 1 3&k2 2o 713 &UTIZE o 5ol 71 Wi
T 7h&ol Eolues Z& #dg A
QA gt F EAJopd FrEFe] FTto
el ke UEAOR F#3} uht
A o go] A g By

delphinidin, peoniding& ®]EZt Tl FEE5 7F&Hod AS5A BE=EAY tl

Z

E Adoxs &3 H2y

Cc
|

oz
oX,
i)
rr
oY,

?“.:

o
12

5.3.2 QkEA ol FE W7} Ay ol AL G

ZAE 712 B AU pElolA AlZEe] H
cyanidin®] #HRE A EolUil J|E} BEES 4% UEIIEE, AdEA|olS]
i Aol AUALHE 3] A Wi S AR & ALE HQlth
Table 304 Hi= Zzp Zo] x|/a7oAFE Hel/ o7tz dEAohd 2
gatoll mrel Azkzt 2fe] AAAE FER AL QoA IEAJohd A ERre] Wt
AT u]e] AAt UHoE ¥3FE nlE 4 glth(Chalker-Scott, 1999).
AT oA UAH 71 F23 AEA oI HEL cyanidin®E 2#A]-
WA E wil, delphinidin TpE-70A peonidind @ FA| -7 A S W,

LA L ool A2} Zo] 71EE A {3t wet cyaniding] gt ZA F
7}8t3L delphinidin®} peoniding A 8F ZESI= ]S §X|3FQY L2 E cyanidin
o Al Ao A Eeytil VPSR P2 nnY Fog o
Hrh

[4

rr

5.4. 59 et DuUAUR S3 Ay odde nAs 4

FE wethes AE 19y
= AFaql

A (Table 2)o] 2 LR} gt} pH 6.67~7.42F Z40 7}7k8ld CLP2
o] EQI= Apol7t U= B ZZo|th
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Color and the B ring structure of the six most common

Table 4.

anthocyanins (Chung, 2016)

Color the B ring structure

Name

OH

Orange-red

Cyanidin

OH
OCH,

Blue-red

Delphinidin

QOCH,

Blue-red

Malvidin

Pelagonidin

OCH,

Orange-red

Peonidin

Orange-red

Petunidin

ool ddthkes A7 A7t

3.
Lee 5(2010)0] 2} HFA|&} Qg HX

%

J))

QlTH Lee et al, 2010).
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X
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al., 2005).
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[<]
< thZF A Bk AF FA 8] ES] ERt EY
ool B AtEe] S ulE 4 ditke HE T, JWAURIL 5
2] FHol Aojd wf 43 A WS 9= BEYY SERbe] ohtel AtrR
7 FHelsior & Zojrt

e 2 Fei7t 7 olfl HE ML HUn pH 2404 L quinoidal
Helk FE olfl F2AL, pH 5—6elat Aol gl Wel= T2 EAstm, pH
7
A

-

=
olxto] © uwj: EasjHrh(Chalker-Scott, 1999). =2 Zd 5 tjHo R 3
1HoA AEA o] A= 2to|7h tEAlopd M4 wiste] AA] IS F=

=2
2 FHlsl7|= 3ch(Yoshida et al., 2003).

_,d
1

PO

Figure 15. Anthocyanin color under different pH conditions (Wahyuningsih et
al., 2017).

5.5. 07t 7|2 AT o] PER|old B
A BF AR FHo 91X’ #Z4E(CLP1, PG1)
| B¢ F=7F @2 Z4(CLP2, PG2)Eol ulsl 2tz B+ 0.

0.551 T2} 0.442 + 0.204T utoirh ofzhe] A2 2 AdEAohd BPS A
Sto| = E-5}3L(Renner et al., 2019: Saure, 1990), @3] CLP13} PGlof A1z
AL 3o FEAJob FEro] o Zgirh

227t AdEAohd Ao mAl= RS FHIZ W AASAA AP 1t
e X712 xlo]E 10C=E 3322 Url(Azuma et al., 2012; Gao-Takai et al.,
2019; Silbley et al., 1999; Yamane et al., 2006). o]&l AE &Y uf E A
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bright-red stem; (B) dark-red stem,

Figure 16.



AL o] A Uddo] S nAE 82 & AN FR35HA thE
Eot $E, Eab A olgolE U, % B o tlrwt B7 alBol Atk Al
7b A ks 2pR oA Zzke] B AAEL pEFHoE 2gsts o] ohe} Al
2= B3Hola f[F7|FLFE 3FS up|Xtl(Matile, 2000; Thomas et al.,
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