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Abstract

This investigation assessed the berry quality after two months of low-temperature storage
(3 = 1°C) of ‘Shine Muscat’ grapes, which were treated with CPPU (N-[2-chloro-4-pyridyl]-N'-
phenylurea) or TDZ (1-phenyl-3-[1,2,3-thiadiazol-5-yl] urea) in combination with gibbrellic acid
(GA,). The berry shatter rate was the lowest (1%) in 4 cm + CPPU treatment, while it was the
highest (2.4%) in 3 c¢m floral length treated with CPPU. On the other hand, the 4 cm + TDZ
treatment resulted in a shatter rate of 2.0%, which was twice as high as that observed after 4
c¢m + CPPU treatment. The 4 cm + TDZ treatment resulted in a 5.5% berry decay rate, which was
the highest among all treatments. Alternatives to using a sulfur dioxide (SD) pad to maintain
the quality of ‘Shine Muscat’ grapes, namely, using ethylene scrubbers (ESs, 3 g X 2 sachet)
and alcohol releasers (ARs, 2 g X 2 sachet) in a 2 kg carton package for export, were explored in
this study. The berry shatter rate with ES treatment (1.0%) was found to be comparable to that
with SD treatment (0.6%) during three months of cold storage. Regarding the berry decay rate,
that of the untreated control surged to 36.0% in the three months of storage, followed by 19.9%
and 15.5% in samples subjected to AR and ES treatments respectively. Compared with the
untreated control, the samples subjected to SD treatment showed a decay rate of 2.2%, which
was the most effective in reducing berry decay by 95%. These results demonstrated that SD pad
treatment of 'Shine Muscat' grapes was the most effective method of maintaining berry quality,
and ES treatment partially reduced the berry shatter and berry decay rates.
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Introduction

2 FollM A =7} F7Fsto] AjuiH A o] F-35-5kL = FZFolHA (interspecific
diploid)Q! ‘AFRJIMAZN (Vitis labruscana Bailey X Vitis vinifera L)2 —'%}E | 742 2} 714l o]
755 220 2 el Y 3y} 9= viHkg o] o
2ollA S/ oItk B Be U o E S Eq‘l] ofAA gl = Al AR
o] ZohH 1= AAtE FFO0 82 G 18-19 °Brix®E 78 Bt =1 AF &F2 04% 4
20| th(Yamada et al., 2008).
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ARIHAZN 2 Fallat ks Fofl 717135 =Y 4= A=t 78 2 071 2 gibbrellic acid (GAL)E T
712k 7] & 22 5 28] M2 AAA AJAito] 7155t (Yamada et al., 2008). =3 F-3 S-S 0] 7] 95 AE
2 Enfo] Al o] %] 2](Kimura et al., 1996) 2 Alo] E7]H 2HJE2Q1 2-2|o}A| forchlorfenuron (CPPU) 22 W J-¢-
oA thidiazuron (TDZ)S GAS} B3 2] 2|gte 2 A i o] vt a S =23 4= QITHReynolds et al., 1992; Piao
etal., 2003; Lee et al., 2013).

SHH, o] 52| A7/ T A= vl A o=, A% F2 1 #1519 Matsumoto and Ikoma (2016)= 4~}
50,2,59 10°CollA 7] A7t T2 MAZN St ok 20t AJ E(aroma volatile) S 241 A1} 0 - 5°Coll A= -7
9] gFo] F45] A5t o 10°CollA = 72 7] B 1 422! 2luhE(linalool) T -FA| = ATt H Al
StATt. ool wheh, ‘ARRIMAZN 0] 7] 0°C #2417 Solli= 1l HMof] L4717 10°CE 5-2510] Etoh= post-
storage conditioning %] 2|7} & @ 5}ckal B 11 % v} Q] ThMatsumoto and Tkoma, 2016). E=3F 42 & 15°Col|A] gt
T 5 95%2}F40%= Fejoto] B4 HStE ARG A, Bt o] = W A sstE o 7t g ST ] &
A& z2He5l= 2H A 2910|022 B 1% Z(Watanabe et al.,, 2018) 0] 2]ofl = #2417 717F 59 2 /A& ¢
S 52 & A fof| thgh A= Aol 3] A] etk

ol & Aol A= ARIHAZN R rof Jlo] Fall} JPAkS: 25l X 2jsh= Alo| E7|d S/ =4 2] Zo]7} A

|
FA0) x| 9L Hlwshal #E A W AN E fAIEE 22| avkE v st ith

W

l

A

o

Materials and Methods

ok

AO|E7 |l EE=E Afojoff tE XY

Al A ge A5 A AR A7) 7R 57kl Al F7h2 H7h Ajuigt ‘ARIMAZN S Ao o]-851%]
o T2 79 Hojl 2kaeof ol & 747} 3, 4,5 emE E0] U] A2 & AAlstal FElgkE /71617 flete] AE
& E0}o] AI(NH Chemical, Seongnam, Korea) 200 mg-L'2 A %|2]st & 97l & 1 - 3Y0f| GA, (Yooill Chemical,
Seoul, Korea) 25 mg-L"']l CPPU (N-[2-chloro-4-pyridyl]-N'-phenylurea; Arysta LifeScience Korea, Chungju, Korea) 22
thidiazuron (1-phenyl-3-[1,2,3-thiadiazol-5-y1] urea; Bayer CropScience Korea, Seoul, Korea)S 5 mg-L" 5= =2 7}85}0]
A 25Tk GA, 22F A2l T = 12- 150 25 mg L 5= 2 4] A 2fsiqieh. A2 v = 15Y
o] AAISI=t, 2% 3 eom o] 2 Fol& the-2 X2l +t= 2 G35 - 40 S 712 AL, 4em H 5 om
A2l T= 22 45 - 508 B 60 - 65H= AT A F 57F o Ao w2t Zjuiskalom, 20186 108 5Y
ot S Tet Tpdoet AP A 2 o] 5ol Aflof| o] 85kith

UaH I A7 QAL M EE A7|7F A 2 AEska, A2 E e 117149 w2 2t A=
E oz 5 20 kg 50| ZetAE ZIH| o]y /dAKmesh polyvinyl chloride fruits crate)ol] Bl T3 low density
polyethylene (LDPE, 30 pm) & E(Hawha TOTAL Petrochemical, Seosan, Korea) 2.2 2] 2to|d st & 3 4 1°C
(0% RE) A AT04] 2487 Ashoich. SR, Rl 2 ohae] 2 24 Kimetal, 2020)0] S-S 0] &

shqict.
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& TYA L FEUE, fI2HSRH 5 225 L4H X2

&27F QAL e 3717t F Lok IS AR, o) A2 3] 2] (micro-perforated, 40 X 99 pin-hole'm™)H 4>
Z71-8 high density polyethylene (HDPE, 30 um) Z-S(Jinwon Corp., Daegu, Korea) 2.2 W} 2to|d *J2|st 2 kg &
o] & Mg THHI Ao H2EZ 27)% o] 6HHE- 0 2 22|51} -G-&ul =(SD, sulfur dioxide pady= GEZ 24
(Topfresh, Seoul, Korea)Ol|A] A| 23t E&|4] & =(Fresh gold) 5 g 17, A2 =E4A|(ES, ethylene scrubber)= FEEZ
2|2 (Topfresh, Seoul, Korea)Oll A X Eol| Y HAHE-E-S S Al AHZXSE Fresh up 3 g AlE-2 2 pack, &=3]4

A|(AR, alcohol releaser)+= &5 %l(Lipmen, Incheon, Korea)ol| A A| 23t 2 g A|E-& 2 packS AHE-5FAThHFig. 1). 12
2, incubator (1 = 1°C, 85% RH)°l|A] 371¥ 7+ 2435t & &l &, AWz, Hafle 9 7HA o] 52 #AS A A

Hat 5AoHA AA| sHSct
S A A2 Costat == T18(Ver. 6.311, CoHort Software, California, USA)S ©]-85+0] 95% 412|420 A T 9]
OS2 74S AAlSHAT

Control Sulfur dioxide Ethle:ue scrubber Alcohol releaser

Fig. 1. Picture of sulfur dioxide (SD), ethylene scrubber (ES) and alcohol releaser (AR) packed with ‘Shine
Muscat’ grapes in the experiment.

Results and Discussion

AO|E7 | 2= Afolof| [hE XEY

2 Aol A= ARIHAZY Lo Jlo] W7l 34 Zo| & 24 2pol| thgh £33} X 2]A] Alo]| E7|d &
=4 A7t A2 A7l vlxl = FFE et A S AAskit 270 e A & dHale] EAS —‘f‘—"d’?}
Az}, 243 0] A &= GA, + CPPU XJEHLJ 3%, 3= Ae Zj_‘°l7 AojA4E Aurt =7 S e s s

5cmE 2E5H HEld A 42 NC 2 7P =2 Ar 2 9x)5ka YLt GA, + TDZ %] 2] 5= CPPU + 3 cm x1
2| o} fAFS 0 2 3 6 N2 AL RUThFig. 2). 7HA] A& T2 Sk 4ol & 3 emZ X ASHE CPPU
£ 2|3k 7o) 145 °Brix 2 7P @3k, 4 em= 24 S 22 17.7°B nxi 7V =3kor, 54t do|= e
5la TDZZ A 25k TP 16.9 “Brix® UEFHTHFig. 3). 0] 22 A= tifA] T2l ‘Aol A 1t 54| 23
sto THREe] 3715 350 g0 = St etE 78 I E S7F &= gtk B 1S Shim et al. (2007)2] 2
kel FARH Zlo]Qith, AF §1Fe Sk Zol 5 5 cmZ 23 & CPPUS JEI 3t o] 030%= 71 =9kom,
TDZE ] 2|3h 12 0.29% 2 T Z1 2] tof| Hlol =2 5 KA AATHFig. 3). ¥HH, 3k~ Aol 3 em
2 2435 S CPPUS 23t T2 A E 34N, 7H8A] T35 14.5 °Brix, AF 3 024% 2 AA| A2 1L 2 7P &
Al ZAF=] o] THFe] 7)1 & 2HA 2™k A2 AHF & 4 FA0l E2E A e 52 = A
(Fig. 3). ©]2{3t Z3}+= CPPU *{2]7} Flame Seedless’ F-Htol] thet atg o] Hr & F71A]7]|11, £71E A A3
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Th= X 31 (Peppi and Fidelibus, 2008)2} CPPUZ}F | 2] H TH-2 7-21Y AT 48 A|7]& =3 ofgt o] 24 &
AlS o] I |t §E ZHSHAIZ 4= QU TH= E 31 (Retamales et al., 1995) 2 “Thompson Seedless’ (Sutanina)
30l o] GA %8| A] CPPUE 7Hg A 2|5k A2 A% & A& fA] S22} 27| YEpth= B 11(El-Abbasy
etal, 2015)2}F A x|5H= Z o]t
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Fig. 2. Effect of floral cluster pruning and cytokinin-like plant growth regulators on berry firmness
detected on horizontal side in ‘Shine Muscat’ grapes stored at low temperature (3 + 1°C, 80% RH)
for 2 months. The data are average values from 20 berries. a, b: Different letters above the vertical
bars indicate significant differences at the 5% level based on Duncan's multiple range test. PGR, plant
growth regulators, CPPU, N-[2-chloro-4-pyridyl]-N'-phenylurea; TDZ, 1-phenyl-3-[1,2,3- thiadiazol-5- yl]
urea.
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Fig. 3. Effect of floral cluster pruning and cytokinin-like plant growth regulators on soluble solids
content (SSC) and titratable acidity (TA) in ‘Shine Muscat’ grapes stored at low temperature (3 £ 1°C,
80% RH) for 2 months. The data are average values from 20 berries. a - c: Different letters above the
vertical bars indicate significant differences at the 5% level based on Duncan's multiple range test.
PGR, plant growth regulators; CPPU, N-[2-chloro-4-pyridyl]-N'-phenylurea; TDZ, 1-phenyl-3-[1,2,3-
thiadiazol-S-yl] urea.

Korean Journal of Agricultural Science 48(2) June 2021 244



Effect of PGRs and various co-packing materials on storage quality in ‘Shine Muscat’ grapes

_|_4

5t s}4e0] Zlo|2 5 cmZ Z2A B7) 3 CPPUE 7+e 2] 2)3t Halofl M A% & 12l o] A s}t 71 =9k A
HFE =A Hebet, o= a7t S71ste] ) Bl s ert g o2 Yol miZel Zlo s 24
A
2] 27} AES 2V A1} 31420] ZolE 4 cmE A5 CPPUE A 8]t 749 el o] 714 Lo}
1% o] k= ZAMH 1A, 8H4=0] ol 5 3 em=2 AT Y2 24% = 7P & X0 M TDZ A2 7= 2.0% 2 L &
YEo| 28 =7 UJERITHFig 4). Y¥HA 0 2 Balm e AARS 93 2| H|22lS X2
& 749, Belo] Bl g FaAA S ES Z7HAZITHE B 1 (Crisosto et al,, 1994)7F A=), B Atof|A] o]
83 ARIHAA L= 51420] Zlo| 2 FA5}o], 7o) WA L7} A2 0 2 =8 E2o0|7] wjo] iyt
E7F S8 R T ‘Crimson Seedless’ 2! ‘Thompson Seedless’ (Kim et al., 2019b)°]] B8l A= F-2J51A] 2 & E
Ql

>
N
)
Lo
S
)
C
2
-9
<
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Berry shatter

% per cluster

CPPU TDZ

PGRs and floral cluster lengths (cm)

Fig. 4. Effect of floral cluster pruning and cytokinin-like plant growth regulators on the occurrence of
berry shatter in ‘Shine Muscat’ grapes stored at low temperature (3 £ 1°C, 80% RH) for 2 months. The
data are average values from 11 clusters. a: The same letter above the vertical bars indicate means
not significantly different at the 5% level based on Duncan's multiple range test. PGR, plant growth
regulators; CPPU, N-[2-chloro-4-pyridyl]-N'-phenylurea; TDZ, 1-phenyl-3-[1,2,3-thiadiazol-5-yl] urea.

o] Buf 88 AR Y Ax 1eo] Bull8-2 CPPU X ol o] 34Z0] 3 cm A TLo] Hujj&o|
1.7%2 7F GA ZAFEQL, 5 em W 4 em 24 2@ ZH2E 2.9% W 4.0%2 Z7}519.oH, TDZ &2 t=
5.5%7F Fojisto] 2 A2t F 7MY =2 FuleZ BQIhFig. 5). he o] Hufl&-2 7+ ]2 L}HH T Yot
o] Q= A0 Hojx|=t| 2t o] v|th7} 71 A A T T E R =T} ot 11-7-0) 1 FElE fAIE 4= ¢l
o] ¢ Itgo] WHH TDZ A 2|72 -9, de o] Hufl & F71= B2 A} QIHsH @DHZPTJ Rl g =7
ZAE] 0], Vignoles’ 0] o] LR} =2 Tpo] W27} e o] HIsf 48] 0]/4-2] bunch roto] 7 =]
ATH= B 11(Hed et al., 2009)S 7QFet w) ‘ARIHAA L o] Qlo] v WHr 2 1hw5hA| §st TDZ X g)=
CPPU % 2]o]| v} A7 ZF bl 9 Hujapzo] ol 5 fed 98 do] =2 A 2f2tar W=}l

Korean Journal of Agricultural Science 48(2) June 2021 245



Effect of PGRs and various co-packing materials on storage quality in ‘Shine Muscat’ grapes

(¥
[=]

Berry decay
Bis
w
=
]
= 10
2 a
E a
a 7
o R
3 4 5 4
CPPU TDZ

PGRs and floral cluster lengths (cm)

Fig. 5. Effect of floral cluster pruning length and cytokinin-like plant growth regulators on the
occurrence of berry decay in ‘Shine Muscat’” grapes stored at low temperature (3£1°C, 80% RH) for
2 months. The data are average values from 11 clusters. a: The same letter above the vertical bars
indicate means not significantly different at the 5% level based on Duncan's multiple range test. PGR,
pla?t growth regulators, CPPU, N-[2-chloro-4-pyridyl]-N"-phenylurea; TDZ, 1-phenyl-3-[1,2,3-thiadiazol-
5-yl] urea.

& ZZUA L R, o2 HSHH A LS| M

ARIHAZN T 5 5 -8 2 kg = HhA UfR0]| micro-perforated HDPE (30 um)= 2oy 2 2]stal -3
E(SD), ol HASSAIES) H L=S4HA(AR) A g] &1HE B wlshinh. 22t 6RHe: 22| & 1°Cofl A 37H 7t 1.9
£ 7125t 3 EA Q1S BASH Ak oha3t gt

ko] -2 A% 717to] AojRlof| upet 7ok ol =T, AR X 2| 7L7F A% 2711 U 371 ol| Zh2}
0.7% 2 1.1%2 Zr2-80] 7P Wttt ES A E] 7= 371Y & 1.6%=2 28] 7P =3k=t, A 2ol A 2%
n|gke] &5 Hof o T IS v 22 AR &S BolFA = FUTHAEUAA). HH] =S
S5 A}, A A2t Foll A= SD M| A= 'Skt 7 A A ZALE e, A7 27 2 7HA] = ES A 2]
T AE7F43NOZ 42T 39N, SD 23] 4.0 N, AR 2|27 4.1 No|| H|5}o] -5-2] 51A] =tk A% 3719
o= ZEEof uhat A = 2ol 7} HA¥she 21 ERIE 4 A=, A% 370 e & e -go] 7P =9k ES A 2]
o] AE7F36 N & B2 2] 2] 3.8 N, SD A 8] 4.0 N, AR %] 2] 3.9 Noj| v 3l thA WA 24 =] Q] thFig. 6).

—
(=}

Berry firmness

-]

02 MAS
B3 MAS

Firmness (N)

Conh'o S | E AR

Postharvest treatments
Fig. 6. Effect of sulfur dioxide (SD), ethylene scrubber (ES) and alcohol releaser (AR) on berry firmness
during cold storage (1 & 1°C, 80% RH) for three months in ‘Shine Muscat’ grapes. The data are average

values from 20 berries. a, b: Different letters above the vertical bars within each MAS (months after
storage) indicate significant differences at the 5% level based on Duncan's multiple range test.
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71/ A= A2 TR FRLES A2 A 717k el vlEo] dashe A Bl SD B AR
2ol M thazt S7kshs 23S =, Eol4 22 AR A FtollM A4 371l 173 “BrixZ &2 7}
8/ 1 & TS Bt (Fig. 7). At &S TARE A1, 0.3%0]6H=2 %] 2] Ttol] {-oJ3k 2ol & ZrolE 4= glgle
L, SD 2] 2] 7Lo] At ool A4 37 ol ot &2 43S B th(Fig. 7). oleF &2 B, o|Aeisie 52
35% ollgkZol W2 HA|okal Z75FAE ‘Crimson Seedless' @} ‘Black Pearl’ ZZx=2] 2% 5 718/ 1= &
5L Ak gleo] g ol Hlsl Tha 7| {AI5HA T Ozkaya etal. (2008)9] a9 -FARRH Zlo] it

[
=]
=]
o

SSC T4
25 02 MAS B2 MAS
B3 MAS @3 MAS

(=)
=]
o
S

—
n

—
o

Titratable acidity (%)
o

Soluble solids content (°Brix)
o

=]

0.0

Control SD ES Control SD ES

Postharvest treatments Postharvest treatments

Fig. 7. Effect of sulfur dioxide (SD), ethylene scrubber (ES) and alcohol releaser (AR) on soluble solids
content (SSC) and titratable acidity (TA) during cold storage (1 £ 1°C, 80% RH) for three months in
‘Shine Muscat’ grapes. . The data are average values from 20 berries. a - ¢: Different letters above the
vertical bars within each MAS (months after storage) indicate significant differences at the 5% level
based on Duncan's multiple range test.

o] R ES TARGH AT}, A% 271 ol 23] F 1.9%2 UEFSEIL SD, ES 2 AR *2]F& 0.6%2 A
=|Qlt A% 37 dolls FA 2 9.1%E 350U AR A 2|+ 32% 2 F7F6HAL ES E SD A 2]+t 212}
1.0% 2 0.6%2 ARIHAZN o] &4l & Zslo] FA3 2715 EthFig 8). ©] T2 A=, 74dlde 2=
of| ti&F MAP + SO, T = %] 2]o]| i}2 ®o] 4% 7]7F = & § 77 E3KChoi et al,, 2017), ‘Reliance’ 2 ‘Saturn’ &
L= of] TSt slow-release SO, YA, dual-release SO, 'Y A)| 1 2] o] k2 &&& A7 E I (Morris et al., 1992)2} -F-AF
St Z10] 131, ‘Chasselas’ =] thSh of|ehE &5 X 2]l = A2 A% 5 BHE 7 E3KChervin et al,, 2003)5 B
ol v it ohH, = A F A adsl ol o]x]= o 284 A| Q1 1-MCP (Li et al., 2015; Li et al., 2016;
Kim et al., 20192)2} ol 2 IS4 A #] Q1 SA 2]2]o]] wh2 Bidaneh’ E 2] #1-2 A% 7|7 & & & A7 a3t
(Ranjbaran et al., 2011)E- 74QF5}H, I Eof|A o] 48 & of ezl H|ojA|e] A84 &g 7Fs5/AdS AIAFHAL 1=,
ARIHAZY L of] TSt 2 ARol|A] 2835t 3t & A A5 @HE B A& 71 u, ES A 2= B3
791 SD M2 & thAllg 4= = &Rl X 2| & Wy = Qe g o] Half 82 AR At Fjg] e Rulle
2 27 370120 36.0% 2 FE5FA T AR A 2] 19.9%, ES 28] 15.5%2 ZAFE Q1O SD X 8] = 22%2 T
2]2] L tiH] 95%2] 2+3 Faff A & 3H(Karabulut et al., 2004; Sarikhani et al., 20102 291 HHH ES W AR 2] 2]
= FA T o] 2H2F 57% L 45%2] Fol| B aiE Hol= A28 AR QITH(Fig. 9). TRl SD A2

o

72 A= ‘Crimson Seedless A 2274 7J2)7} o Akskatul = BTt Hujg 747k &7 21T ‘Black Pearl©]

£ 27 37IQ7IAE ol Akl E H2)7t g 22l o] vje) Rl A7t BTt A Uektrh B s
Orkaya et al. (0089)2] ATHZ 7heta} o] = 22l 7o) #hS o] EZo| ma} h2 7] Uehdths A Bhelst 4
Q)= AL,
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30
Berry shatter

25

02 MAS
3 MAS

20 F

15

% per cluster

10

a a a
0 L ) el —F Fm
Confrol SD ES
Postharvest treatments

Fig. 8. Effect of sulfur dioxide (SD), ethylene scrubber (ES) and alcohol releaser (AR) on the occurrence
of berry shatter during cold storage (1 & 1°C, 80% RH) for three months in ‘Shine Muscat’ grapes. The
data are average values from 6 cartons. a: The same letter above the vertical bars within each MAS
(months after storage) indicate means not significantly different at the 5% level based on Duncan's
multiple range test.

50 r
Berry decay
40 |
o2 MAS
@3 MAS

% per cluster

'l [

Control SD ES

Postharvest treatments

Fig. 9. Effect of sulfur dioxide (SD), ethylene scrubber (ES) and alcohol releaser (AR) on the occurrence
of berry decay during cold storage (1 + 1°C, 80% RH) for three months in ‘Shine Muscat’ grapes. The
data are average values from 6 cartons. a, b: Different letters above the vertical bars within each MAS
(months after storage) indicate S|gn|f|cant differences at the 5% level based on Duncan's multiple

range test.
oVkLﬂqa%@@mﬁ@mmkﬂ“~i£ﬂﬂuwSDﬂcﬂaﬁqh%%%ﬁAﬂkagmqaw%
Aoz zAlEglon, 0|5 tixlsh] glstel Melelsid A4l & o2 AEF4 A ES Hel 7 el g &

W) A7 EobE AR 94 HO DR £5, %8 25 FFE UYL A ol ©
Yoll 484 A gol 7H53 Ao = Hekslgic

=20 1

Ao g A7slPar, B
5] A& JcpH £ 1
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