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Abstract. We analyzed berry skin coloration, anthocyanin accumulation, and plant hormone contents in berry skins to
determine the effect of night temperature at veraison on berry skin coloration in ‘Kyoho’ grapevines (Vitis labruscana
L.). Vines were grown under 21, 24, and 27°C at night for 20 days at veraison, from 40 to 60 days after full bloom
(DAFB). Berry skin coloration of ‘Kyoho’ grapes was more suppressed in 27°C treated vines, followed by that in 24°C
treated vines, than that in 21°C treated vines. Cluster and berry weight and soluble solids content was lower in 24 and
27°C treated vines than in 21°C treated vines. Anthocyanin started to accumulate from 60 DAFB in berry skin of 21°C
treated vines, and malvidin and total anthocyanin content increased until 100 DAFB. The total and most of the individual
anthocyanins decreased in 24 and 27°C treated vines; however, peonidin did not decrease in 24°C treated vines
compared to that in 21°C treated vines. Abscisic acid (ABA) peaked at veraison in berry skins of 21°C treated vines and
decreased thereafter until 100 DAFB. The increase in ABA content was inhibited in berry skins of 24 and 27°C treated
vines. Gibberellin (GA) content in berry skins decreased rapidly at veraison, with the decrease being slower under 27°C
than under 21°C. ABA/GA in berry skins of 21°C treated vines peaked at 60 DAFB and decreased thereafter until 100
DAFB. However, ABA/GA decreased in berry skins of 24 and 27°C treated vines, with reduced anthocyanin
accumulation. Therefore, high night temperature (above 24°C) at veraison suppressed the berry skin coloration of
‘Kyoho’ grapes with changes in anthocyanin contents and composition due to the decrease in ABA/GA ratio and fruit
soluble solids contents.
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<ol olmyl o izl 3, 2.5 S| T el 2 9le] A
T 48RS W=r}(Shinomiya %, 2015; Tarara 5, 2008). I}
)] QHEAJOR T Al i, 7] 0] B4 A4
2705 Ikeda 5,

(Castellarin®} Gaspero, 2007). %= 3ol = z}&dAjof] &
HEA 0 2 ZA5h= 659 StEAJoPd 115 5 pelargonidin
(Pel)2 A|2JSt cyanidin(Cya), delphinidin(Del), peonidin
(Peo), petunidin(Pet), malvidin(Mal) 555-2] QFEAJolH 0]
Z75t(Liang 5, 2008), SFEAloP g 9 2402 74
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2011; Lin-Wang 5, 2011; Yamane -5, 2006).

A7) 1128 % | 9] A E$ 2 H abscisic acid(ABA)
2712 ol A8l (Azuma 5, 2012) B gibberellin(GA)
] 7142 o} AlH=tl(Ryu 5, 2020), ol gt E 20| st
L QkEAlobd AR ] WA S ol Alshe(Azuma %,
2012; Shinomiya %, 2015; Yamane 5, 2006) & QtEA|o}
4 7ho} o o] QEAJofl o] 2418 1BAIA Tl 4] Be
2 7FALH(Mori 5, 2005a; De Rosas %, 2017).
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=] =9 A 521 < A% (Vitis labruscana L.) =
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TN (Lee 51 2012) QFo.2 o] £AI7} o] 217 A A
B o). o 54 o alof o3t 2w o] wu A Bk
ol2517] Pl 2ol T slo] B VAL Al7| U
2}l WS o AaRe T22] S dhet AT Bast
], 31.80) 71 2okt A7) 44 27] 2191] Alo] sl
A &= A 7| (veraison) 2 B8 A QICHAzuma 5, 2012;
Koshita 5, 2015). 2 Fo[7F 1.2 %2 9] 3RS ELA307|
] of|(Mori 5, 2007b; Shinomiya 5, 2015) oF7+o] =&
T2 ojgh T ] 9 AT Ao R BEslo)
(Kliewer®} Torres -5, 1972) o158 dehjofe]] 2Jgt vfm A
B 231710l 71 ek, webA 2 Qs Al 5
4 ok 3120] A Eizo| wim) | whato] ul Al RS
4317] SlehH Samelon, Thulse] Wake: s
lel} 7 QHEAloPH I} AlZ5 22 ABA, GA Q] 9Fg-& &
shsict

.

js

>

M=z 2

e

1. & ME 2 2= X2

ol SIS TSI o] Sl 2ol A A% 1}
R LELLEEE
A WIS, 7441 B4, A QHEAoh, A2 5EE ABA, GA
of alake ul el ik A4z oF 150L 8aFo] L5 5ol
A 7 ASI, T 39 S Eu] S i 2ke, TR
£ 971 P8 vl RS ol SiHlalo] LA 2341 Bl
ATS-Feed, 9N-11P-37K, Farm Hannong, Seoul, Republic
of Korea). TH7l|7](6 Y 4 Q) e} Th7l] 25 & &= Hof| A %] GA;
25ppm 8-H(Gibberellin, Daeyu, Seoul, Republic of Korea)
o7 Aefsto] Fal o= Aulstlal, 64 3047 S0l 40
24 W71 A Sk AT T 149 40, 1
217] 109 %) 5 83 QT F-602) 744 202 7 42
oF7t 11.2.0 2 2]}tk A 2] %+ Shinomiya 5(2015)
o] ok ke A ol Tl Bego) Vel £ES
AEoR AT, F1 R 30°CE WS ol
27,24,21°CO| 3502 A2l irt Al 374 %2
S, B 4ol ol A 15v) o) shayo] Eeg
A 3] £ 9 B Balo] SRt L= e}
SR o] ol RE A Te] LES BT 952l 8,99
o309 Bt 7128 AZF R A gt on, 890) 24l U
A, 2|317]-£-2-23.2-29.8°C, 99-2-20.1 —27.8°C 0.2 &
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A o] WshE kst 918 v
© & g A 7EE AT ABAH
= Ipo] 2P FEZZA oA AR AR o] kAt
E 21, =24 10, Ap2A) 0 2 ghiksto] HtghS AREsl
a1, Z1gel sl S 4 A 3R O & A5
o}, T2 FE A = HES iAo = MEA|(CR-300, Minolta,
Osaka, Japan)E ©]-8-5to] MagES S35t &, whu] & vk
oA E-ujsto] A E ol e el 2 abAt AP R Eafjstod]
4 Ao 85Ik B FA2 9 11 Y(R7) £100
ol L& f=gfsto] TE-S AL Fo] B 10712 1}
HE Ast] 52 2ARE R, 52 20t 24 &
T A|(PR-101, Atago, Tokyo, Japan) 2 FES =43} 7
A AF=(0.1N NaOH, pH 8.1)& ZAISE & FAALS & FHAL
slo] 3£7181 Tt | AL 52 X132 of| A A A8 9]
e7| WAL AHREES 7|20 & AT

3. 7 QtEA|O}:! B

QHEAoPA2] F3 2 412 Ryu 5(2020)] S oFh
s7gste] &-gskglh 4%t 2] 0.1gol MeOHE} 0.1N
HCIS- 85:15(v:v) 2 Z33E 508 2ml Y31 g7 oA
15A17FEF =23t 5, 3,600rpm © =2 105 59 Y plwafs)
o] AF591-8- 0.45um syringe filtero]| &j}5}ef HPLC(1100
Series, Hewlett-Packard, Germany) 2 F2] 2 A=k 243}
At} QFEAJoP Z2of| 0]-8-3t A2 YMC-Pack Pro C18
RS(250 x 4.6mm, 5pum, YMC, Japan) |, 40°Coj|x 375 &
AT QFEEAlOR B2 518nm 2] whgof A malvidin
3-glucoside(Extrasynthese, France) 2] IF%-S o]-83] 2t
5 mEEA 0w Aukslel mg g o] Thel Uehyglcs.
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F A2 Ryu 5(2020)

FEFEAR d-ABAE 4ng¥ 3
7HAIA 12 X172 52F r 7ol A
0 2 liquid-liquid extractiond}o] 71 = & MeOHof A
Baffste] 7]7] Aol -8-5F30th GA1> 50% MeOH= 5=
2 8012 SHEITL, TR LR d-GA S dngd A7)
A7 4°C qRlol A 12417 359k 22315ck. 52 4o
L Seppak CI8 FREelxo] BapalA 79t 5547 5
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Fig. 1. Berry skin coloration during ripening in ‘Kyoho’ grapevines
grown under different night temperature treatments. The grapevines
were subjected to 21, 24, and 27°C at night from 40 to 60 days after
full bloom (DAFB). Photographs were taken at 60, 70, 80, 90, and
100 DAFB.

MeOHo| 83117 E451%ick ABA 2 GA, 9] Bhke
ngg'ol FroE ehfiglon, 3ukEo & BAsgh 52
o] Aek B0 jon trap MS detector(Finnigan LXQ,
Thermoelectron, Marietta, USA) 7} 52+ HPLC(Nanospace
SI-2, Shiseido, Japan)& ©|-&35}9ch WEREEZT 23
=29 peak WA 7H0] Hla-Z 7.0 & Fvfo] o] FofFl om,
ABA+=263 — 153m/z, ds-ABA+= 269 — 159m/z, GA -2
347.1 >303.1m/z, d,-GA12349.2 —>305.2m/zE multiple

reaction monitoring 27 0 & ZF7F A A sto] Akl

5 &4 &M

wpu] A2LGE QEEAlOR, & =t ghefe- 30k 0 2 fLAI5)
o] W3} 75 9 X(standard error) 2 LYER S AL, A =
A FolF 18R 0 = slof A2 5 104HE: glof| tistod 3
- 7He] Apo| & EAIEI3ITE HE F A% 2l= SAS enterprise
guide 7.2 32 1(SAS Co., Cary, USA)S &-83}o] 2|4
G9)%} HA(least significant different) © & S+ 72| §-2]
(p < 0.05)2 FAFIA:

1. OFZt I20f 2Jst nfm|M A FE Hs}

Tl - 40 e 60 U71A] ofgE a1 A 2]of| ofsf < A
325 O] Mpu A Efo] el tHFig. 1). L&A 2] T8 A%
(P 2-60%) oFt21°C A2+t vl oft24,27°C A<
-0 A} 2ol A AE UL, o] 2Rt Aok 2]l v
3 OF 100 47| F-A =] At oF7F24°C A2+t $-70
UFE] A 7} 2 7] AJRFSEL AL, oFF27°C A At it
7N 27043t 80 Atolof| ®A5}7| AlAFSEGIT R £ 60 U5
B = HE A7t 5 a2 204 A= ool = &
L OE21°C 2l 2] ol7 A o] ekl 7w
ol oAbl o 2 vbelal Ak ), olzh 24, 27°C Hel o] 4
ol 2871714 0.2 uikslx) 25l3ickFig. 1). of
7F24°C A2|F9] Fol= T F 1009 7|& o2 AA|4
© 2 HR2 A W §laL, of7k27°C A2 9] Folofli= =M
9 A wl= o] 4o 3181t

A7 ] 2E A 5Estslr| sl AR AR A
ORZF21°C A 2|79] I & 7= 0 = L*¥ v b* gh2 7l 540
UFE 100 Y71A] AJ&24] 2 & ZHash= ek Qlal(Fig. 24,
20), RFf 2 a*ghe- 7l 340 458 80 U7HA| F7tstctrt
o|% PV 7IR] A= 3] Itk Fig. 2B). ok 21°C
A 2]t 2| o L* gk b* gro] w7l 560 58| TohE A 2+
of| Hlsl} wh=A| s A o) Holet S AT Aok
RN 2L, o] Et A eFo] =271 7hA] -4 ¥ {(Fig. 1, Fig.
2A,2C). oFF21°C Z 25t ] O] a* gk A T} 260 U5
B w27 Z7FE AL, Tl £ 100Y-S 7|50 = ok 27°C
A Hoh= = A ofF24°C A 2] teh= 2tol 7} ST
(Fig. 2B). oFF24°C 2]+t ] O] L*ghat b* g2 vkl 5
80 L] of7F27°C | 2]+tof H] sl 7H4x5}7] AlAkselal, o]
23t B gko] 127|714 A1 = Ui Fig. 2A, 2C). 07+24°C
A 2|7 2] O] a* gk A Tl 380 U= 7= 0= ofh27°C
Aol vlsf S7Fst7| AAFet AL 27| 7kA] A A =
ItiFig. 2B).
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Fig. 2. Changes in (A) L*, (B) a*, and (C) b* values in berry skins
during ripening in ‘Kyoho’ grapevines grown under different night
temperature treatments. The grapevines were subjected to the same
treatments as in Fig. 1. Values are means =+ standard errors (7 = 3),
and different letters represent significant differences using LSD test

at p<0.05. Shaded areas represent the period of the night temperature
treatments.

Table 1. Fruit quality at 100 days after full bloom of ‘Kyoho’ grape
berries grown under different night temperature treatments.

Cluster Berry SO]L.lble Titratable
Color . . solids .
Treatment weight weight acidity
chart © @ content %)
g & (°Brix) °
27°C 38¢ 38.6b 102c 153 ¢ 0.7 a
24°C 51b 4153 a 114D 169 b 0.7 a
21°C 79 a 4284a 124 a 20.0 a 0.6 b

“Indicates significant differences between treatment using LSD test at
p < 0.05.
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Bl - 100900 epah=a vl b o] A ok
21°C Ae|77h 192 AR T60) AAAR] Tt et

91, o712, 27°C Aele] 13 212}5.1, 3.8 o]
S5 Table 1), TPEE, 9%, Gt oRE-2Er b
248 2715190t THI0] AHE o7k21°C Hel 7t ol
24,27°C He) o] vl3) Wk,

2. QtEA|OL & W3t

‘72> 3] of| A Cya, Del, Peo, Pet, Mal 535732 QFEA|o}
o] AZEQAL Pel> 2R1EA] gFUtHFig. 3). 4~ oF
7k a1-2-of| Ofsf] Tur] O] F- QFEAJoPd Fhefo] ZHasiint. of
7k21°C A7t 2ol A 97 - 100 Y- 7| = Malo| 7}
A} =2 122 X} 9 ©.1(50.8%), Peo(20.3%), Del(15.0%),
Pet(9.8%), Cya(4.2%) =2 &2 Wt} ok 21°C A2j+t9]
Tl A Wl & S0 UFE F- FEAJopd o] S8k AR
S5, o1 W) 8090 817 iRt o
A= $Ack(Fig. 3). SHAIFF Mal 2} 5 QHEA|obd fhe-2 i
T 60UFE 7|7 XA o2 F7sHItFig. 3E,
3F). 07127, 24°C Helo] ofaf 437 % = Alokd Fhgo]
of7k21°C 2] 70] 23.1, 48.1% 4220 & 7}k 7haaloiTh
(Fig. 3F). $FEA|opd o] F-RH & H|ulshH, ogF27°C A2
of] oJ8f) K= F5-2] SFEAJod o] of7k21°C A 2]t Bls
RIS O 24°C Aelol Sl Peo Aegr L
X QHEAloble] ok 21°C Aol vl 2hsleck Fie.
30). °87]9] & QkEAJobd g 9l Cya, Del, Mal2 ozt
24°C He| 79k 27°C HelTt 7] Folsk Ak, Peost
Pet2- o}7-24°C A2l 2] ThuloflA] 27°C Hel ol vl
OJ&HA &= Ut(Fig. 3C, 3D).

Ot an-gof o3k w4y
W AEZ2E ABASHGA 32 #A15HITHFig. 4). oRE
21°C Aeje] 7] & 7|2 & ABAE W] 3509 34
SHA F7Fsto] 1097 =& Fge2 fA| w7} o] % -2
7|7HA] K[54 0 =2 7k Fig. 4A). of 2Rt Mo
23 ABA 3g0] S7h= 024, 27°C A 2fof| oJ8f 3245t
= 73S HAUTh GA 2412 A 293 GA FollA 2= 3t
Holl 7P wol EA5h= GA 19 g2 #4153 TK Symons
55 2006). GA= Tl 40 4 5-E 60 A7HA] FA8HA 4
sto] o] 5 | 7kA] WA A H )l e, ot 7] o] e
2 w27 7HAadsks S H9tkFig. 4B). ABA/GA Q]
&2 oZF21°C A 2|t ] of| A W7l 60 A7HA] 25t
Al 71t F, Tl 27 1704] A4k ti(Fig. 4C). shARE
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Fig. 3. Accumulation of (A) cyanidin, (B) delphinidin, (C) peonidin, (D) petunidin, (E) malvidin, and (F) total anthocyanin in berry skins during
ripening in ‘Kyoho’ grapevines grown under different night temperature treatments. The grapevines were subjected to the same treatments as in
Fig. 1. Values are means + standard errors (r = 3), and different letters represent significant differences using LSD test at p <0.05. Shaded areas

represent the period of the temperature treatments.

o}k 24,27°C A2} 0] To A= ABA/GA Zlo] WHl
50915] 7047H4] of2F21°C A2 el u]al] w7 §151)
on], otk LT} 948 T £ 5502 Ak

2

il

1. =&Y ofzt 20| o8 nu| S

A7) E ZRE20 YL S1ke] ofgh al2of ofgff 7
of w4 whedo] A= Qo o] = ] o] RFEAJobd g
ol fasly] wiZol k. Tl o] MRk T a* gk 254
O 2 oh21,24°C A=A 3ol Aol 7 ISl=H), ol S

E 0] argho] s 27of HreA| 0 2 WakHA] S7BkA

MEAAZHSS|X|, M30H K4z 20214

ol A32:0] AT WA] K3k ] T A Agde] b
Aol gefo] ol|n] thA] ZHael] whzo|cHPark £,
2010). o}7k24°C H2)70] Tz=21°C H2)72o] ]3] % <t
Ejopo] B5EaHA S5 9oLt 224 A Qo] Peo T
Sl 2ol 7} 91ei] ol Azpa 0 2 axghol ol 7} 91k
© Ao = pek,

20| Tl BEE §7]6ks Lmo] Szol dhaai
AR g 4] Fok7k27°C o4ke] LxolA Aufet
= 79 3] ohEAlobd ZAo] eA|EgickT B uE|go
H(Mori 5, 2004; Shinomiya 5, 2015), ‘78 1} 5 L3HV.
labruscana?l ‘Aki Queen’ Z =18 —24°C H9]o] Lo
Al QFEAJoRd FHgo] ZRE k. d# A 9tk YamaneS}t
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Fig. 4. Changes of (A) ABA and (B) GA contents, and (C) ABA/GA
ratio in berry skins during ripening in ‘Kyoho’ grapevines grown
under different night temperature treatments. The grapevines were
subjected to the same treatments as in Fig. 1. Values are means +
standard errors (n = 3), and different letters represent significant
differences using LSD test at p < 0.05. Shaded areas represent the
period of the temperature treatments.

Shibayama, 2006). 2 AL0|4] 7] Bglo] v]a) o] v
24°C e 238 Hralo] oAl ol ozt 120] J5) 3}
Ao) ghes) 7hag) thios PR, 71ee] Aol
Folzt T2 2ja) ) Thujslo] Bl A9 Al
G =7} Z715bA U (Pastore 5, 2017; Shinomiya 5, 2015),
H37} gl ith(Koshita 5, 2015; Rienth 5, 2014; De Rosas
£,2017). wetA] ofzte] 10 TR o] FIUIE HHS
AA5tod(Mori -5, 2004) FEE TAA7]7] whiZol|, 5t
0] 2L A S0t a2of| vlal w A Hhg o] B o
AE Ao =2 = lek

300

- olg7] - @l

QI 0 2 Thr] bl ZHE 44| o7 A 2(15°C)
of ofsf x| aL, o7k 21 2(30°C) ol 23l A=A Mori
5 2005b), 7L 3HA| 2= of| thsfiAl= T8 esHA B A1 4] ekt
t}. Kliewer2} Torres(1972) 7} V. vinifera ‘Tokay® 3ET=o]| T
o FUR T2 2 A 3 oY o =5 A7
slo] 3HA| 25 'HAg Alo] f-Ug AutE, ot 15, 20°C
ol Al= u| Mo AgAH o &2 AR AL ot 30°CHE
v o| AR E] Qi) < AE I -2V, labruscana=‘Cabernet
Sauvignon’, ‘Merlot’, ‘Tokay’ 52 V. vinifera© B|3} 112
of| B RIS HA HE3-5hH FEAloRd S4] o] 7457 wiie]|
(Mori %5, 2007b; Ryu 5, 2020; Tarara 5, 2008), 2 A13] o]
A e ke 20 07k 24°C o] ©J3) Tl A wdo] ojAE
O 2 IAE QI

2. ntm|M St tEAOH] =d

3] U] Q= Ao 74 - Malo] oF50%2 74 Hik
a1, Th2-© & Peo7} Wol 7]1£9] Li 5(2013) 2} Ryu $(2018)
o] Azfe} QAIakct. F 7o) ehE Aol 7|1 2
favilim U} B-ring ©] Sefo] ufe 118 AN M2 THE %
%] oFARS: H QI B-ring©]] hydroxyl group©] 271 1= di-
hydroxylated 15{(Cya, Peo) 2.t} 37} Q= tri-hydroxylated
L8 (Del, Pet, Mal) 2] A43t4d0] 1.2} <J) 73] @A)
1, o]&= flavonoid 3’5’-hydroxylase 2] 2t o] 1.2 27|
A A =7] wiiZo|tHMori -5, 2007a). whebA], 524 AlE
o] Peot= 07k24°C 27104 W]32H] M7 ghassieen, vt
o 218 Ao L EEAIS T Del, Pet, Mal 5] 574
o] ZA| 7451317 wiiZoll bAoA 1o XIgh 1}
A 0 2 HidshA] Bk Al o2 AetE| Qi) o7 24°C 7
o] o] 27°C A 2j ko] H]8f| o M o= o] o]
Zo]Al o] 8=Mal T}&-0 2 uko H|-&-& X X|}= Peo, Pet
0]27°C Aol oJa ] 2A) 2437 o2 ekEcy

3. ABA, GA stzfa} njm|M 3}

ABA+= = oA MY S 7|Eo 2 7HE A 57
k7t 2asshH(Wheeler -5, 2009), 5=, E3H2), A2 5
o) 58 W5 R TGN B4 L AR ALEHT AR
H(Fortes 5, 2015; Jeong %5, 2004; Oh 5, 2018; Pilati %,
2017; Shen 5, 2014). 4<:7] o7} 1.2-2 1] 1 ABA 3¢
= A4=A17]2U(Koshita 5, 2007), QEEAJOPd A F-42k
4HE 9 PAL, UFGT 9] P42 744 54 9132 o)
SITMori 5, 2005b). 2 GLo]l A% o7} 1.2.0] oJ5] ABA
Shgo| Hadhs RS Bl o] & Qlel} HFA o= QFEA]

¢

d
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2w g EFO] WAY] okt

SHARE o7k 21°C A 2] +-e] Bl ofl A w7l 550 Lof tE
Klofrl Zo] A2HE] 2a} 2e] ABA TS A2l 7kl 7]
o7} =T, ol= HEAlO S YT ABA S A1
AGo] GASY A2 AgkA oz - um(Alferez 5, 2021;
Liu 5, 2016), GA7} ]| oI5t QFEAJobd A3/d-2 oAt
7] 2o tHLoreti -5, 2008). ARI}, 3£ 5-2] IHdof| A A<
7) 23] kAo %A GA et Ho) Ak et
WH(Li 5, 2018; Ryu -5, 2020), AA| B7] vl 2Hdof GA
£ XJe]shA PAL Y] o] Z45bAH 2155 0 2 gl o}
 Z2jo] oAt Martinez 5, 1996). wehA, WA 7] oF7t
24,27°C Aol &J8ll GA7F A -F-A = A 7] 50U
7|02 ABA/GA 9] Bl&0] ke A= Bl o=
Q13 QHE Aok Z2lo] elA|EI9ick WekEglc), = A
%715 ABAL A% o] 71 2hisA| o] ofA|= HAY
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