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SUMMARY

I. Title

Development of storage technique and breeding of seedless grapes with high

quality for exportation

II. Objectives and Importances

Grapes, members of the genus Vitis of the family Vitaceae, are among the
earliest fruit grown by humans. On a worldwide basis, table grapes are of far
less importance than grapes for the production of wine or raisins. In Korea,
however, 88%, 10% and 2% of the viticulture hectares are used for the
production of table grapes, wine and raisins respectively. Therefore, table
grapes are considered an important industry. Grapes have been regarded as
an important food for human health because grape skins and seeds contain
flavonoids and phenolic compounds. For this reason, grapes have been
cultivated worldwide. In our country, the planting of grapes has increased
sharply because the income generated by a grape farm is much higher when
compared with that from other fruit farms.

Although the consumption of grapes has increased in Korea, table grapes
are composed oversimplify such as 'Campbell early(74%)’, 'Kyoho(13.1%)" and
'M.B.A(5.9%)’. Because of these phenomenon, the price of grapes at harvest
time is not stable due to the excessive quantity flooding the market within a

short period of time. These internal and external situations in the grape



industry will probably result in the domestic grape industry loosing the
ability to compete in the near future. Therefore, we think that our country
needs new varieties of grapes with a high quality to compete against
imported grapes, and to stabilize the table grape market. Currently, the
inclination to consume grapes is due to various causes such as, a national
rise in income and the importation of the crop. The increased demand and
consumption regarding seedless cultivars is due to the improvement of the
income level. In some markets, table grapes with large and seedless berries
are preferable, which are more important than flavor and taste. In actuality, a
seedless grape has a high value, from an economical viewpoint, because it
can satisfy consumers’ palatability and be used to make raisins. For this
reason, the breeding of seedless grapes, which have desirable characteristics
for the table and raisin grape markets, has attracted attention as an essential
field in grape research; and many breeders have been working to breed
seedless grapes.

The seedless grape cultivars such as 'Delaware’ and ’'Cheongsoo’, which
have been supplied in Korea, must accomplish processing the GA3 treatment
twice, once at the flowering and again at the full bloom time. These cultivars
not only have very high production costs, but also have been evaluated as
having a lower fruit quality than that expected for an imported grape
cultivar. Therefore, it is thought that we should require breeding of new table
grapes of high quality and without seeds soon. Until the present, seedless
grapes with high quality have been bred by four methods. Many of the
seedless grape cultivars around the world were bred by the method using
stenospermocarpy. Recently, seedless grape cultivars have been also bred by
methods using aneuploid and triploid. Among them, triploid grapes that have
pollen with low fertility are possible to grow. These induced seedless grapes

pass through a one time treatment of growth regulation after the flower is



regulated at blooming time, which can elicit more disease resistance and
vegetative growth than its parents. Hence, the breeding of seedless grapes
using characteristic of triploid hybrids is considered an important breeding
method. However, there is no example that make an effort for breeding a
seedless grape trough production of triploid grapes in Korea.

Consequently, this project was conducted to breed seedless grapes that can
compete with imported grapes. The project used the triploid and male-sterile
plants that have very low fertility and is expected to come into wide use in
grape farmhouses through the development of MA active storage techniques

to bred seedless grapes.

_‘IO_



III. Research goals and scope

In this project, the first goal was to breed seedless grapes that can

compete with imported grapes by using the triploid and male-sterile plants

that have very low fertility. The second goal was

to understand the

physiological characteristics of grapes that had been bred in this project. The

third goal establishes the packing standard and selects the packing material

for expected use through the MA active system after the harvest.

Research goals

Research scope

OTheir  characteristics
and breeding of
triploid grapes trough

O Breeding of triploid grapes trough crosses
between diploid and tetraploid

crosses between diploid
and tetraploid

O Characteristics of fruit and growth of triploid
grapes obtained from crosses between diploid
and tetraploid

OTheir characteristics
and breeding of seedless

O Investment of abortion of pollen and embryo
sac in male-sterile plants

grapes using male-sterile
plants

O Seed formation in male-sterile plants crossed
with "Thompson Seedless” and ‘Concord Seedless’

O Fruit characteristics
according to treatment
of various growth

O Effect of various growth regulator treatments
on the fruit growth and characteristics in triploid

grapes

regulators in grapes that
had been bred in this

O Effect of GAs treatment on the fruit growth
and characteristics in male-sterile plants

for seedless grapes

project
) . O Effect of storage temperature and humidity
© P hysiological .apd on quality and storage period of seedless grapes
ecological ~ characteristics) O Changes of quality and determination of
IIjof grapes that had been|storage period after cold storage in seedless
bred in this project grapes
O Development of pre-treatment technique after
postharvest
1 ORegion adaptation test|{O Region adaption test and selection of seedless

grapes

_‘I‘I_




IV. Results and Utilization

1. Breeding of new seedless grape

In this project, we conducted crosses between diploid and tetraploid grape
cultivars as the first step in breeding triploid grapes. Although this step could
not obtain many triploid hybrids because the frequency of normal seeds with
an embryo and endosperm was very low, we bred 29 hybrids with a total
no. of 57 chromosomes. We took the triploid hybrids that were bred and
conducted many experiments in ‘Emmanel Grape Farm’ where we were
located in Hwaseong, Kyunggido, Korea. We conducted various experiments
to select hybrids with superior quality, and 11 hybrids with a total no. of 57
chromosomes were selected. Among them, three hybrids were evaluated and
considered to be commercially viable. These hybrids were under examination
for registration of cultivar as new grape cultivar. In the case of the project
that bred new seedless grape cultivars using male-sterile plants, these hybrids
showed a bad growth phase or the analysis of the characteristics of these
hybrids was not concluded. We did not bred new seedless grape cultivars
from these male-sterile plants during the past 3 years. Therefore, the breeding
of seedless grapes using these hybrids will be research after our current

project.

2. Development of storage techniques and physiological and ecological

characteristics of seedless grapes after postharvest
The storability was significantly higher in new grape varieties than in 'Kyoho'.

High quality and storability were investigated in "YRO9803’, particularly, rather

than other new grade varieties in that "YRO9803" showed low respiration and

_12_



abnormal fruit ration and high contents of soluble solid and ascorbic acid were
maintained in it during storage period. MA packaging for "AK8609" prolonged the
storage period up to 60 days at 1C due to low weight loss, but no significant
difference occurred among each films. Optimal packing material for MA packaging
of "’KB0120" was 70um LDPE film that kept high freshness up to 30 days at 1C.
Optimal packing material for MA packaging of "YRO9803" was, also, 70um LDPE
film that kept high freshness up to 60 days at 1C. Optimal relative humidity for
inhibition of weight loss and abscission was approximately 90%. Generation of
abnormal fruits and molds was inhibited by charcoal paper treatment. However,
inserting the charcoal paper into MA packing containing the new grape varieties
induced somewhat weight loss, but it was not affect marketability. Freshness
maintenance of new grape varieties was not influenced by active MA

packaging.

_13_



IV. Future application of the research results

3 Fig. Triploid grapes with high quality
A Topaz, B : Heuckjinjue, C : Sujeong

Three hybrids with no. of 57 chromosomes called "Topaz’, ‘Sujeong’ and
"Heuckjinjue’(Figure) are being processed in examination for registration of
cultivar. Also, these hybrids have been cultivated at grape farm no. 10 for
regional adaptation experiments. If regional adaptation experiments and
examination for registration of cultivar end, we will believe that it can be

cultivated over a wide region.
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A 27 =l -9 e AT A%

Ald FelMe 28 Tx YL A 47

H FA el 7, &, vy, WA To] An7h FUMEPHA X
(Vitis spp)il A= F33 X 2n&F7F Frksta 9o, Fdies ¥ =

7] Fa3 2 A 7Y FEH4 F3 F30Y AolE A ST
AT ZE ‘Corinth’, ‘Black Corinth’, ‘Red Corinth’ 59 ZFEL& FEo] 213y
shite] Ag3lo] I a AjtstA] Kokl FAHo] o] FoAAA e AT A
(stimulative parthenocarpy; Olmo, 1936)% &

A g e olfre vl Aol ehdskA Rstr] el Jhst § s x
HateAY 788 o] vl EFo] v R o] FojxE FAAA I wEo
Jd= Ao ® ¥t tH(Pearson, 1933; Negrul 1934).

‘Corinth” &3 2 dF F3 = FF I F40] o]Fojxof 3
Hgo] ZAAEE EFow EZ EZFOE ‘Thompson Seedless’, ‘Concord
Seedless’z o] Utt o5 FFE9 Ui WMe AFHow Ao +4
o] 5w H3lo] W FIr} HiE Aoz e Stout (1936)2 o3k &
AS AEY AT (stenospermocarpy)® WG, 3 IyPLe 4
S AY 4o dojuyd o] FXEo] Hge] Av|7t Frhgrhal skl

LS ols FI FF T EA9 A= ek e G AA A7
B o] glof wiel wifeo] Aol dH FAFFHF FA &AL AVt
) = (Christensen %, 1983)°]v} T =
of el weka Hol7b Slo] fFEET AEolM FA &2 AV7F Ava
3} tHLuvisi, 1976).

ki

Zrol itk X 13} L (Barritt, 1970), X
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Stout (1936)% Vitise] TAE 67F4 FEHIZ 1) T AH(normal seed), 2) &
= ZFX(empty seed), 3)YEE=A}F(crushed seed), 4) A3+ ZA}(brittle seed), 5)
Fo] A7t FAH(papery seed), 6) 57} o]e]e] thE Fate] PFH FOoE )

Aot A=ehdor = wiy Fu7F A FAEA de AR Tefds
3 FERts on gt A A Al o7 Ay Wl T £49 A
Ha5E Ae v =4 (e A=z T3 el st ERHoRA FI,
T 7 (ner-seedless), F3 S 3woz EHsL  ATH(Spiege-Roy, 1936;

Stout, 1937; Weinberger ¢+ Harmon, 1964).

1-2. 19141 -9 =

I
il
H
Lo

[e]
T

Schwabe®t Millsi=(1981) H o &EoA S dRFe s 9 A4
Ale] AbgoF-E HFepdom, 2 B teFet FelA Il AR aE4
Al FRRNAEA QA A1, AuA-H I Afo]EZo] k= A AT X
EolM = oA AuMA-I SAe] AYE FA FIAI FFAA FIAAEA
A= {F717F HATh ol dAdel| disiA oldf= o] Fo XA &gkort
A o2 Agstrt =] 9l (Motomura & Hori, 1978). BE 2424 A
o A= st B2 A A3 JHE R Fof 23] AA st AHAOE AL
£ o A=A Aeade F5ol webd v g2y, Do, ‘2
Tyop et ‘e q) Elolet e AR FFoAE 95%elde] Iy AAdE

St (Motomura & Hori, 1978; Zuluaga et al.,, 1971; 1986; Zuluaga, 1968).

f

13, I ARA S o] &3 TR FA4

A dax4 F=2¢ ‘Thompson Seedless’$} ‘Concord Seedless’= <1 7 <l
As Fa EFFolu 3] JfA B {3 EHFe] ofxmolo
A dAE 2o w7 Wl (Loomis ¢ Weinberger, 1979), 3] %52 ufjd-9

4ol glo Fulel AAAAL FSo] oy YWHOoD §3

e
e
of\
o

S

T
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ow FI FFE Elow A7 wajste] 3 FFS S ¢ (Snyderet
Harmon, 1952; Stout, 1936; Weinberger®} Harmon, 1964), E3] F%H4
‘Thompson Seedless’¢} 7] =4l ‘Concord Seedless 7} @A E & o]&5S 3EZ O
2 o]gste] FIAH E=FFH wwE Foto] AT AAN FAAE Foiel
g FFot7] flste] A Aol 2P AlE
S Autslel = HtH(Emershad ¢ Ramming, 1984; Emershad %, 1989;
Gray &, 1990). 12ju ol5 9234 dd2 dARTAAE un =S
25y 73 AAYRA ] F5Eo] wlg o} F3I FF Ko wlg olyrn
A HOlmo 1934; Snyder, 1934; Weinberg ¢} Harmon, 1964; Loomis <}
Weinberge, 1979). uwpgba] # 2o dEst ZAu|Yr]&S o] &3t Fa F53F
wH F 45 ~ 50 Atojel ui wj<ksto]l wwj AAe] H5&I I AAAINA
FELS =4 F Avtar FAY(Cain, 1982; Emershad ¢ Ramming, 1984;
Mohamed, 1979; Spiegel-Roy %, 1985).

=8
o
ol
2
A&
d
1%
~
kel

e FEAe] 2AH Aelgow I F
et wide] E3be] 7]Q1Ety olud 329 E 3l ujF W] WA ES m A,
A a2} (zygote) o) ¥ 3}, vl Halz 013 u] wrge] x|y

!
I QI (Wang 5, 1993), ‘Himrod Seedlesss’'®] F-a = ZE = 0o] o] Ao A

e w37l Yololgta s tH(Wang¥ Horiuchi, 1990).
1-4. A |25 o] &3 FAXT §4

AAA Fo wWE XX F EBFE Muscadiniax @ V. rotundifolia
Michx(2n=40)2 A &]3 Euvitist 2 V. vinifera 5 18%F<¢ 7|2 dAAF x=
1970 % 2 Al 3802 H et th(De Lattin, 1939). B3 X% FFE5° w54
AL AdH o dAstE o BastithOlmo 1936, 1942, 1952b; Scherz
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1940; Einset¥} Lamb 1951; Einset¥} Pratt 1954; Furusato %, 1955; Gargiulo
1957, 1967; Wanger 1958; Ourecky 5 1967; Golodriga 5, 1970). ¥l 4%
o AFA AAEAA AMA 7L doubling B o® HAEEa, 2ufA e 2] 3o A
3 A == 4uiA| 7 Ao B 89 R (Thompson ¥ Olmo, 1963).

WA st | 7EA ] X e durdom dglo] AX A o] AR FAYA
= g2 EAS Bustyg(Dorsey, 1917), WlFAY AAL 3R 3EEA
X (Nebel, 1929), A& %z #(Olmo, 1937), 41% #(Einset ¥} Lamb 1951;

Einset®} Pratt 1954; Rives®} Pouget 1959) ¢ GAA =2 ZA}sEA 1L, o] 2]
L AAEY 7Y e AV]E soR dddtta Bt (Ourecky &
1967).

Ero] oA Ao w WG 4ufA= A BT IpHo] AAEE FA
Aoz wjg F&ota, WIS =Y F vl ®Hisd tH(Olmo, 1936, 1937,
1942). whebA] 4ufA 7 S Foko] 4ujAl FTHTE A2 aL(O0lmo, 1942;
Golodriga ¢} Kireeva, 1978), M=Z% 24 FIFEo] RHIHJH(Olmo I
Koyama 1962).

V. labrusca x V. vinifera®l ¥j2XE A4 Jidw 4ufA] F5F< ‘Kyoho,
‘Pione’, ‘Olympia’, ‘Black olympia’ 2 H¥ 319
Tt =a Avrb 8 FFoR UM v 53 I X' A A

T 75719] ‘Takao (2n=4x-1=75)% %< HH5o] 8~13g AEoli, FLdFo=z =

_1101'

Mo Aol 4% FFEOE RudY, 53] FIAFY FF KA A
A2 ® 113 I (Ashikawa, 1972), Yamane 5 (1978)& oA &S o] &

e AESEAL, GA 13] Aewte s 3 APais dS

Mo

(sl

o}

=

3} E%

-

f
-
J

I
s
=
QL
32
RUB

X

of

e oA AL FENLE 5T A S E

Sy
T 7hsetttar ® sk th (Yamashita 5, 1998. Wakana %, 2002). 3w ¥ %=
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o] AL B AFox B AA7A MAZHCEZE ‘Polyvitis’ (Goldriga
%, 1980) ¢ ‘Ozuzu’, 'King-Dela’ (Kawakami 5, 1979)5 ] 331 9=

AeE FEE M FFL S54HA Eetdnh oy g dle wiAgt
ol AEAE g5aljof sk 3uiAlY] Bgol= wieh vl Hstw <l
A robgo] wrol 3ujAl E=e] F5Eo] g UGy wEom dEA vt
(Yamashita &, 1993. Wakana &, 2002). A 7FA] w523t wgto)] & F2}8
S&2 1%UER S5 849 HolA vlud ukokr. o]y v FA 5
&5 ®ol7] flste] vl wi g B s S wiF WS ol &ste] w2 RIS 3
WA AdS gS5stedl Aestittl sk th(Yamashita &, 1993, 1998;
Wakana &, 2003; Park &, 2001).

o F A HEEL Be BYHOR FFUAS s TR F% s
Aol ol FA TE KFOZ o] §7HAL WP ¥x, A% E3 Yol Y

WA 55 232 vkl st (Sanford, 1983).

¢ e VEEA wdYEe] SREANA DNA markerg ©]&3 F3 7
B9 Adute] 7bEslel Atk Striem 5(1996)% T3 ¥ DNA markerE H43}o]
12719 Eo] RAPD(random amplified polymorphic DNA) markerZ 413} t}.
Bouquet®} Danglot (1996)% F3 & 4 /le Fdx7F #ofsitiay B s}
A, 7 FHE sHAeR FHEE Y A BF FHAR] al, a2, a3el
o =dHH, 4 FHAAQ I 9siME ZAHHva At Lahogue &
(1998)2 bulked segregant analysis® ©]&3le] 1 Fdxet A#TdFHS A=
RAPD EAE &A% A3 27019 RAPD mlAE Awre el o SCAR(sequence
characterized amplified region) ¥*]¢1 SCC8E 7utalAtt. o] SCAR vlAE o]
&t fFH dAdA T3 AAS 2Tl A 4 de ZEAQl A A~

98 THE 5 alvkn Ase
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‘Thompson seedless’$} ‘Concord seedless’ 7} 33 vj=to] 2t Aefo) ] ¢4
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A WFAA AF A7t FEE PE 2AZ Agen] o ed A

SAEYR # FAELAES B F e AEAE 2ds A vhBRI92119}

5
AMA L e o] 7]EY AFEed HlA §FF THA7F o F
¢ AFE7E mfg dojAe Al
Neo Muscat?t Muscat of Alexandria®] ulvljE

A Fold ATES FFTALE ol &t sk HAS FH6AH
A3 4elM= 3AIG FE=LdNA N A=A Aert e
SRSt A= gl diste] nFedT. Tue] AEEEA Aol AP
FHEEZAME s B2 A7t o] Fojxloyt sk YAl tids] urop
AgdxzdA 13 Aevterr FEI F4 I 345 IS F Ao =

A AR FE gFoAa e FI LeFFoAAE, e dgeds

AAHez 4 8 FTol @ £ T FT ALl At A
o] o Ao} o] 5L o] §F AT A o] FolAA Hahlrh. mEkA Ty A

FlH R F3 EEFFLE o)gsto] i FAE ST AR AT
2
h

By ohuet 2ulA A FYEEEF FAY Fusk §olg FAI Ew
FEE A% AT/ B £YHT Yok AW, FAR FFAN PIRAA
gAY ¥ ASAE e fAG B B, A A F AYA], R

oA HEEAd el zkolzt ol yERYY] wiitol (Motomura®t Ito, 1972; Jensen
5, 1976; Ueda®} Naito, 1985), F3#e] = 4 F4o SustE A=
A zAA 9 23] A7t E4A oo A (Kishi®t Tasaki, 1960) =52 Ae7F &
EAME Bol g A E9] Thidiazuron(TDZ)3} 2 Az A4 &
Fom FIEXEoNME AFEHEAL 13 AHE Sl LFde FIAEE F77]
7 7bsE wAlFe] R e Aoy dF FFel A H ol (Lee,
2003), Al ket A Al e E2UE FHAE T A AR

g AF7F Boh dAds] a9E A T

olelF A% ol ¥ APHe Fu ¥E Aol 44 352 sdake 4

rlo



2 FH Lol oF o] Foyx] 7] AlFeS 7] wEof (Yamashita 5, 1993; Yamashita 5,
1998; Wakana &, 2002) AgxdAe] Aejo] wg o] &3 F4 Wt
gk HFol AAHez o] Fo|x Ate7} gl

AgzAAe Aol wE Fdes ASEY 543 AdEAste BA
oM HAHER 7 AHE A A FE FEY SdstE A AAA]
A7 ddEo] A5H ARE o)&sh= Ao] wpgEAsitta ko] vk whed
AoE ATddA e Fdzte &% S7bel B
Hold 3ujA AleES ddozE 7EAQ AFEEA st o] A5,
=2 2 w7l MA= GFS ek, A nFAS kS A AuiE 7

A A7) slskel Fasksch
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A 24 g L 4

1. 2ui A o} 4 A o] RS T 3uA £ §A4

do
rot
Pl

Al S48 S A g o mA 2ufA ok 4ufA o] w2 Al st
S oAy ¥

sAete] AAedt (Tablel).

k1

& 2 AAEHY e 20 A 12%F 3 49 A 8FFS

Table 1. Origin of diploid and tetraploid grape cultivars used in this study.

Cultivar & hybrid No. of .
name chromosome Origin

Benikanezawa 76 Golden Muscat x Kuroshio

Moore Earlyx[BelviderexMuscat
Campbell Early 38

Hamburg]

Cannon Hall Muscat 76 Muscat of Alexandria bud mutation
Cheongsu 38 Siebel 9110 x Himrod seedless
Delaware 38 American native species
Fujiminori 76 Jeoncheon 682 x Pione
Ghigyoku 38 Gomuk Mutation
Heuckgusul 76 Golden Muscat x Pione
Honey Black 76 Kyoho x Concord
Kyoho 76 Ishihara wase x Centenia
Muscat Bailey A 38 Bailey x Muscat Hamburg
Muscat of Alexandria 38 European native species
Neo Muscat 38 Muscat of Alexandria * Sanjaku
Pione 76 Red pearl x Muscat Baliey A
Rizamart 38 Katakurgan x Pagent
Sekirei 38 Kaiji color mutation
Sheridan 38 Herbert x Worden
Tamnara 38 Campbell Early x Himrod seedless
Thompson Seedless 38 American native species
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guow olgH wAsh 4A FEES ATFE Ad 15y 3 247

50014 10078 A=7F S =5 b s shlem 715t 374 ol AeS A

AAsEA T ol dwkA o R E syt 2 dojdria g A = 3wl FAe
i el o] MagAs FrHH R HAASAT FUHHoRE o]Fo X 2 AY
& 28] #%F ‘Muscat Baily A’¢} ‘Campbell Early’, 491#] #% 'Tensyu’ ¢
'Kyoho'®] 3% wwlE F3lx 4 FAE &3 st vjer vifo I
AEs T2 doby HAAN mpz7A=E ww) 2 FARY F 1008 A=A F
'I:]
nE

23 A%e A7e TAE olgete] 122 Avd F g

E
o
Z
=
9]
k=
2!
=
N

stol SAAGE skl SAAGS AR TAE2 Feol Bk vl 3¢

7 ouw 2@FEE gFsirh mFAE w2 RE dojd HAAY AAAE
AAES Yaads HAd9 B E AfFHE e 2mM 8-hydroxyquinoline®] 8417+ A

A2l 8 & acetic acid¢t EtOH(1:3 v/v)ol AT <v& 44 2(4%
Cellulase RS, 1% Pectolyase Y23, 0.075M EDTA, pH4.0)3}o] A LS 38z A
2 % 4% Giemsa® A 3ste] F3tdv] 4 (Nikon, E400) dtoll A Z=AHe} AT}
A ZAA Y, 3 AEZE ] WEzl A O] st A E29F FZo] Al
FF 2% %, 3ulA 24415 S FAIEe] 2@ Hel s s e st
A9 e oY Y sptemRY dow AMFHs] dFxr stolA ek Al
71 3 AH RS TR (3 1%, Boric Acid 10ppm, Sucrose 10%)ol X4

ato] 25°Cell A 5-20A1F wjFato] wjx] el A Tolgs EAMSGl oM Sl T
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Table2. Triploid hybrid and grape cultivars used in this study.

Cultivar and hybrid name

Control | Concord(Diploid), Kyoho(Tetraploid)

KA20012, KA20015, KB0105, KB0120, KN20014, KN2001,
KS20011, KTS011, KTS014, KTS0111, AKS8609, KA20014,
KA20019, KB0115, KNO112, KN20013, KN200110, KS20015,
KS20018, KTS012, KTS0110, KD-1, YRO9803

Triploid

opuf | e} A7F | el EdAd e AolHE HESH flske] AfEkE
A 10709 se dodoer Adste] zAMsEGIH

2. AHAEY MAE o183 FHEES 4

© AdS e VRHeR IAEANALE FAsr] Aste] s 9
d& AAsiod. & dde A A 44 sl

2 AE9 3ES AFsle] Karnovsky's&H 2% glutaraldehyde, 2%

r
O

paraformaldehyde, 0.05M phosphate buffer(pH7.2) ©ll 4TCeol|A 4A)3F o] 1A
3l & 1M phosphate buffer® 20Co A 5& 7+A o2 33 AFslgrt. d¢e
50, 75, 90, 95% ethanol®= A-=clA Ztzt 30 A st al, 100% ethanol= 304
2 23] G4eant. g5 Fol= A8 E 100% amylacetateo] 24417 & A A A
7 Z(critical point drying, Hitachi model HCP-2)Z 3 % F%+(gold coating,
Emitech model K-550)= 3}¢] SEM(scanning electron microscope, Hitachi
model S-2460N) .= 317 39l th.

oA AdelA dd FAEY JHAde] WEHA Bri92ll x Neod,
Bri9211 x Ale® 24153 HF3 E3< Himrod Seedless, Concord Seedless,
Thompson Seedless 3% &S FAIste] AASATh FAAEA/NALE 20]A 9

3

o] Ao FAN oz o] &3 wigA FFE2 s 374L A AES st
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Tol BAE AU JA¥FES FFY EH o] EHlEE A7 FHEA o
o, A7 2 FEFY e 20T Yool AF 3 F o] &3kt
SAEAMAEY] s A HALS A AY] =& oAy i Yo rFH
doz A ez el ek Ax F AY sHES FHMA(TFH 1%,
Boric Acid 10ppm, Sucrose 10%)°] X Ab&lo] 25T oA 5-20417F v ek&lo] uj =
doll Al Wol& S ARSI o QlE otufx| o 27 it E st A S A A
o] AeolH& HAES] Skl st A 10709 s e

AEAHsh wolbs ol gl TAGFFTAHE Tt Ao FAF Akl
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FA4 =W WA TEA BIFZAHA AYrt FAEAL ¥Wsd HXE=
e

Aol A= 18 Aol A @2ufA e} 40 A1e] w3) Dozl 3ujA EEE o]
S3FATHEZ). B Ad¥oM= GA3el w838 &3t CPPU, Streptomycin
Furasta 59 &&x el o3 a3E AUt GA3Y @& A7t 39
EAdd vA&= oS KA20012, KD-1, KTS014, KTS0110, KS20015 5 2071 9]
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A A
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A

st

o

Origin
M.B.A x Kyoho

Kyoho x Muscat of Alexandria
Kyoho x Neo Muscat
Kyoho x Sekirei
Kyoho x Thompson seedless
Yufu x Rozario bianco

el o] 8=

Scientific No. of
name chromosome

V. complex 57

V. complex 57

V. complex 57

V. complex 57

V. complex 57

V. complex 57

1A 7125 e= st 7d el

[

_?4
ol 7405 A3

H

KA20012
KB0120
KN200110
KS20015
KTS011
YRO9803

Table 3. Origin of triploid hybrids used in this study

Hybrid name
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Table 1. Percentage of germination in seeds derived from crosses between
2x x 2x and 4x x 4x.

Cross No. of No. of No. of seeds obtained No. of seed
combinati flowers berries with germination
on pollinated seeds(%) Floaters Sinkers Total (%)

2x X 2x

TNxCB 250 202(80.8) 50 423 473 412(87.1)
TNxSR 250 216(86.4) 24 469 493 436(88.4)
Total 500 418(83.6) 74 892 966 848(87.7)

4x x 4x

TSxKH 190 126(66.3) 23 103 126 88(69.8)
TSxBO 190 156(82.1) 40 116 156 97(62.1)
Total 380 282(74.2) 63 219 282 185(65.6)

‘BO” = Black Olympia, 'CB" = Campbell Early, ’'KH" = Kyoho, 'SR’ =
Sheridan, "IN’ = Tamnara, 'TS" = Tensyu

Table 2. Percentage of germination in seeds derived from crosses between
diploid and tetraploid grape cultivars.

No. of seeds obtained

Cross No. of No. of No. of seed
combinatio  flowers berries with germination
n pollinated seeds(%)  Floaters Sinkers Total (%)
CBxBZ 1679 385(22.9) 153 374 527 9(2.4)
CBxHB 1778 645(36.3) 439 715 1155 35(4.9)
CBxKH 1945 372(19.1) 146 335 481 41(12.2)
SRxBZ 1025 176(17.2) 46 175 221 26(14.9)
SRxHB 1606 195(12.1) 56 169 225 21(12.4)
SRxKH 1321 368(27.9) 172 446 589 43(9.6)
TNxFM 484 62(12.8) 3 80 83 1(1.3)
TNxHG 723 108(14.9) 6 149 155 6(4.0)
TNxPN 454 75(16.5) 10 108 118 12(11.1)
Total 11,015 2,386(21.7) 1,031 2,551 3,554 194(7.6)

'BZ" = Benikanezawa,’CB’ = Campbell Early, 'FM’ = Fujiminori, 'HB" = Honey
Black, "HG” = Heukgusul, 'KH" = Kyoho, ‘PN’ = Pione, 'SR” = Sheridan, ‘TN =
Tamnara
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Table 3. Percentage of germination in seeds derived from crosses between

tetraploid and diploid grape cultivars.

No. of seeds obtained

Cross No. of No. of No. of seed
combination  Howers berries with ' germination
pollinated seed(%)  Floaters Sinkers Total (%)

CMxMB 589 69(11.7) 45 37 82 2(5.4)
FMxMB 159 7(4.4) 3 4 7 0(0.0)
FMxS5G 110 18(16.4) 0 24 24 2(8.3)
HBxCB 1504 180(12.0) 91 149 240 12(8.1)
HGxCS 224 66(29.5) 43 48 91 0(0.00)
HGxSK 128 25(19.5) 25 11 36 0(0.00)
KHx*CB 972 86(8.8) 41 61 102 18(29.5)
KHxDW 130 28(21.5) 14 14 28 1(7.1)
KHxMA 579 29(5.0) 19 23 42 4(17.4)
KHxMB 263 33(12.5) 17 18 35 5(27.8)
KHxNM 674 59(8.6) 34 43 77 8(18.6)
KHxRZ 497 10(2.0) 10 6 16 0(0.0)
KHxSG 684 8(1.2) 5 3 8 0(0.0)
KHxSK 971 51(5.2) 17 38 55 11(28.9)
KHx*SR 1131 119(10.5) 45 100 145 8(8.0)
KHxTN 360 6(1.6) 1 5 6 0(0.0)
KHxTS 132 27(20.5) 18 19 37 6(31.6)

Total 9,107 821(9.0) 428 603 1,031 77(12.8)

'CB’ = Campbell Early, 'CM’ = Cannon Hall Muscat, ‘CS" = Cheongsoo, 'DW’
Delaware, 'FM’ = Fujiminori, '"HB” =Honey Black, '"HG’ = Heukgusul, ‘MA’

Muscat of Alexandria, 'KH" = Kyoho, 'MB’ = Muscat Bailey A, 'NM’ = Neo
Muscat, 'RZ’ = Rizamat, 'SG" = Ghigyoku, 'SK’= Sekirei, ‘'SR” = Sheridan, "IN’ =
Tamnara, "TS” = Thompson seedless
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Fig. 1. Metaphase figures in root tip cells of triploid seeding obtained from
reciprocal crosses between 2x and 4x cultivars (x600).
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Table 4. The extent of endosperm and embryo development in triploid

seeds obtained from reciprocal crosses between 2x and 4x cultivars.

Number of seeds with embr]yos indicated
degree of endosperm development(N )

Crosses Perfectly or
Fully Partially mostf; Total
developed developed degegerate
2x x 2x (self-pollination)
Muscat B.A 86(92) 0(2) 0(3) 86(97)
Campbell Early 55(62) 1(5) 1(7) 57(74)
Total 141(154) 1(7) 1(10) 143(171)
4x x 4x (self-pollination)
Kyoho 80(85) 0(2) 1(5) 81(89)
Honey Black 77(82) 1(5) 0(2) 78(89)
Total 157(167) 1(7) 1(7) 159(181)
2x % 4x
Muscat B.A x Kyoho 26(31) 75(150) 11(75) 112(256)

Campbell - Early > Honey g4 514 3(21)  36(150)

Black

Total 35(44) 99(266) 14(96) 148(406)
4x x 2x

Kyoho x Muscat Bailey A 6(10) 66(98) 2(10) 74(118)

Honey Black x Campbell 16(23) 41(62) 3(15) 60(100)
Early

Total 22(33) 107(160) 5(25) 184(218)

Number of seeds examined
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Fig. 2. Endosperm and embryo development in triploid seeds derived from
interploid crosses between diploid and tetraploid grape cultivars

(D Normal seed with fully developed embryo and endosperm

@ Abnormal seed with partially degenerated embryo and endosperm

@ Abnormal seed with partially degenerated embryo and normal developed embryo
@ Abnormal seed with partially degenerated embryo and normal developed
endosperm

(® Abnormal seed with perfectly degenerated embryo and partially degenerated

endosperm

® Abnormal seed with perfectly degenerated embryo and endosperm
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Table 5. Pollen germination on artificial medium in diploid, triploid hybrids

and tetraploid grape cultivars.

_ No. of No. of % of pollen ) No. of No. of %of pollen
&Cf{t}gifd poll.en poll.en gréins. &Cﬂ;;iird poll.en poll.en grfiins.
name grains grains germinating - grains grains germinating
examined germinating (%) examined germinating (%)
Concord 1,064 143 134 Kyoho 1,212 398 32.8
KA20012 1,000 0 0 KA20014 1,000 0 0
KA20015 1,000 0 0 KA20019 1,000 9 0.90
KB0105 1,000 0 0 KB0115 1,000 5 0.50
KB0120 1,000 0 0 KNO0112 1,000 6 0.60
KS20013 1,000 0 0 KN20013 1,000 0 0
KN20014 1,000 0 0 KN200110 1,000 0 0
KN2001 1,000 5 0.50 KS20015 1,000 0 0
KS20011 1,000 13 1.30 KS20018 1,000 11 1.10
KTS011 1,264 4 0.32 KTS012 1,000 0 0
KTS014 1,000 0 0 KTS0110 1,000 0 0
KTS0111 1,000 1 0.10 KD-1 1,000 8 0.80
AKS8609 1,000 2 0.20 YRO9803 1,000 7 0.70
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W Serminated
B Mon-germinated

g 8 8 8 B & 8 8 8§ 8

a 0 12 14 16 18 20 22 24 2 28 30 3T 34 3 ¥ 0
Pallen diameter (um)

120 W Germinated
B B Mon-germinated

8 10 12 14 1& 18 20 22 24 26 28 30 32 34 36 33 40
Pollen diameter (um)

Fig.3. Frequency distribution of pollen size in diploid and tetraploid grapes.
A : Concord and B : Kyoho

Fig.4. Pollen grains of diploid and tetraploid grape cultivars observed by

microscope. A : Concord and B : Kyoho
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W Germinated

@ Non-germinated
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Fig.5. Frequency distribution of pollen size in KTS014

Fig.6. Pollen grains of triploid hybrids observed by microscope. A : KA20012,

B : KA20014, C : KA20019 & D : KA20015
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Fig.13. Frequency distribution of Fig.14 Frequency distribution of
pollen size in KN20014 pollen size in KS20013

Fig.15. Pollen grains of triploid hybrids observed by microscope. E : KB0105,
F : KB0120, G : KN20013, H : KN200110, I : KN20014 & ] : KS20013
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Fig.16. Frequency distribution of Fig.17. Frequency distribution of
pollen size in KTS012 pollen size in KTS0110

Fig.18. Pollen grains of triploid hybrids observed by microscope. K : KS20015,
L : KTS012, M : KTS014, N : KTS0110, O : KTS0111 & P : KS20011
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o]/H—%— A 2—16‘].0:1]’4_. ﬂ_?‘i_g] O]/H%TO: 24}\]—7§|o ol A & 7].;](_]_ Zuﬁjﬂ %%
‘Concord’ ¢} 4] Al %% 'Kyoho'& Ah-&3dto] nlastglon skl e Qe
oA ol Al B X AAIZE Hell #EE A AAE &Skt 20 A
ol ‘Concord’ @] Wolgo & 106470 & 143702 134% o, 4ujA] F5
'Kyoho'= 329 121271 % 39870= 32.8%<] wol&S veldlith. S48
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™ Neo Muscat?¢] wul& FajA Aozl 6708 7AE T 545
0%Aom, Ymx g AlE 04%=2 FA g sbe dolgS Bk (:E6).

Table 6. Result of self- and cross-pollination in BRi9211 and BRi9214

No. of No. of No. of seeds derived
Cross flowers seeded
pollinated berries(%) Floaters Sinkers Total

BRi9211 x self 469 0 (0.0) - - -
BRi9211 x Sekirei 180 17 (9.4) 9 11 20
BRi9211 x Muscat Bailey A 368 95(25.8) 54 50 104
BRi9211 x Muscat of 179 24(13.4) 17 9 26
Alexandria

BRi9211 x Neo Muscat 162 19(11.7) 11 12 23
BRi9214 x self 476 0 (0.0) - - -
BRi9214 x Sekirei 172 2 (1.2) 2 0 2
BRi9214 x Muscat Bailey A 321 3 (0.9) 2 1 3
BRi9214 x Muscat of 194 0 (0.0) - - -
Alexandria

BRi9214 x Neo Muscat 163 0 (0.0) - - -
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Table7. Pollen germination on artificial medium in male-sterile plants and

diploid and tetraploid grape cultivar.

No. of % of
No. of No. of No. of .
Cultivar pollen pollen Cultivar %of pollen
. pollen . . . pollen pollen .
& hybrid . grains grains & hybrid . . grains
name grains L L name grains grains L
i germinatin  germinatin X L. germinating
examined examined germinating
& &
Concord 1,064 143 134 Kyoho 1,212 398 32.8
Bri9211xAlex Bri9211x
1,000 0 0 1,000 220 22.0
@ Se®@
Bri9211xNeo 1,000 0 0 Brig211x 1,000 . 0.7
@ ' BO ' '
Bri9211xNeo Bri9211x
300 0 0 1,000 4 0.4
@ Neo®
Bri9211xNeo 300 0 0 Bri9211x 300 0 0
® Neo®@
Bri9211xNeo Bri9211(
300 0 0 1,110 171 154
@ C.H)xB
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Fig.19. Frequency distribution of pollen size in diploid, male fertility plant

and tetraploid grapes. Concord, Kyoho and Male sterility
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Fig.20. Pollen grains of diploid, male sterility and tetraploid grape cultivar
observed by microscope. A : Bri9211xAlex, B : Bri9211xAlex@, C
Bri9211xNeo®), D : Bri9211xSe®), E : Bri9211xB® and F : Bri9211xNeoD
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Fig.21. Morphology of pollen of
RB9211xAlex(a), RB9211xNeo(b),
Campbell ~ Early, MB.A  and
Kyoho(c) observed by SEM.
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Table8. Result of self- and cross-pollination in BRi9211 and BRi9214

No. of seeds derived

No. of

No. of

seeded

flowers

Cross combination

Total

Floaters Sinkers

pollinated berries (%)

89

[Bri9211x Alex@]xHimrod Seedless

64

[Bri9211xNeo@]xHimrod Seedless

191

[Bri9211xB®]* Himrod Seedless

236

[Bri9211xB®]xThompson Seedless

173

[Bri9211xB®]*x Honey Seedless
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Fig.22. Effects of GAs 100ppm, GAs 50ppm and self-pollination
treatment on the fruit growth in KTS0111.
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Table 9. Effect of plant growth regulator treatment on the fruit quality in triploid

hybrids
. Average A.verage Average Average Average  Soluble Percentage
Hybrid length of diameter . no. of . . of
Treatment weight of . weight of  solids
name clusters of clusters clusters ( )berrles Per ing @ (BX) seedlessnes
(mm) (mm) & cluster &
No-treatment  124.6 64.3 74.7b 36b 2.07b 20.6a 100a
KA20012 GA3 50ppm  159.1 105.6 302.0a 54a 5.5% 20.2a 100a
GA3 100ppm  151.4 107.6 313.8a 53a 5.92a 20.4a 100a
No-treatment ~ 105.9 83.5 64.6b 41b 1.58b 19.7a 100a
KB0120 GAs3 50ppm  139.0 104.8 336.4a 6la 5.51a 19.5a 100a
GA3 100ppm  143.3 106.3 349.8a 63a 5.55a 19.5a 100a
No-treatment ~ 142.8 72.8 93.38b 39b 2.34b 20.8a 100a
KN20011
GA3 50ppm  157.3 110.9 392.04a 62a 6.29a 20.7a 100a
GA3 100ppm  160.7 109.2 418.13a 67a 6.24a 20.4a 100a
No-treatment ~ 134.5 72.7 94.40b 47b 2.01b 20.3a 100a
KS20015 GA3 50ppm  169.2 118.1 483.02a 62a 7.74a 20.1a 100a
GA3 100ppm  172.6 116.8 501.99a 60a 8.36a 20.3a 100a
No-treatment ~ 92.1 65.1 81.9b 51b 1.61b 22.0a 100a
KTS011 GA3 50ppm  157.2 106.4 418.2a 102a 4.10a 21.3a 100a
GA3 100ppm  154.9 108.1 432.6a 105a 4.12a 21.4a 100a
No-treatment ~ 105.9 69.3 106.1b 42b 2.53b 19.9a 100a
YRO9803 GA3 50ppm  187.6 110.6 726.9a 91a 7.99a 19.9a 100a
GA3 100ppm  192.1 111.7 770.2a 99a 7.78a 19.8a 100a

Values sharing the same letter in each column are not significantly different from each other.
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KD 1
100ppm=*  50ppm Control

Fig.23. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.

KT5011

100ppm  H0ppm  Control

Fig.24. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.
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Table 10. Effect of plant growth regulator treatment on the fruit quality in triploid

hybrids
Hybrid jength ofdiametr Aversge S Average  soluble P08
name Treatment clusters of clusters C‘{ZEE ?gf)berries per ;A; i;‘?;t (c;f) s(oé;:l)s seedlessnes
(mm) (mm) cluster

No-treatment ~ 103.1 65.6 97.2b 44b 2.67b 18.5a 100
KB GA3 50ppm 149.5 106.7 327.9a 6la 5.64a 18.8a 100
GA3 100ppm  150.6 108.2 337.6a 63a 5.72a 18.9a 100
No-treatment ~ 104.3 71.8 95.9b 47b 2.73b 19.8a 100
KB0115 GA3 50ppm  165.2 105.1 369.2a 65a 541a 19.5a 100
GA3 100ppm  164.8 104.8 362.9a 62a 5.33a 19.7a 100
No-treatment ~ 102.1 65.3 97.4b 42b 2.54b 19.9a 100
KB0120 GAs3 50ppm  139.8 104.3 298.6a 56a 5.53a 20.1a 100
GA3 100ppm  149.7 105.6 313.1a 58a 5.65a 20.3a 100
No-treatment  110.4 72.6 98.4b 57b 2.84a 18.3a 100
KB0122 GA3 50ppm  161.4 18.6 478.7a 73a 6.79a 18.1a 100
GA3 100ppm  164.9 109.3 480.4a 77a 6.82a 18.1a 100
No-treatment ~ 109.1 70.3 91.6b 50a 2.08b 18.5a 100
KB0105 GA3 50ppm  164.8 101.5 303.2a 49a 48la 18.9a 100
GA3 100ppm 1624 98.1 297.5a 5la 4.86a 19.0a 100
No-treatment ~ 96.5 69.4 89.3b 49b 2.13b 19.8a 100
KB0129 GA3 50ppm 1419 100.7 258.1a 6la 4.57a 20.2a 100
GA3 100ppm  144.2 103.2 267.5a 62a 4.69a 20.3a 100

Values sharing the same letter in each column are not significantly different from

each other.
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KN200110
r £/

GAS100ppm GA S50ppm Control

Fig.25. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.

KN20018

Control  50ppm  100ppm

Fig.26. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.
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Table 11. Effect of plant growth regulator treatment on the fruit quality in triploid

hybrids
' Average Ayerage Average Average Average  Soluble Percentage
Hybrid length of diameter . no. of . . of
Treatment weight of . weight of  solids
name clusters of clusters clusters ( )berrles Per ing @ (BX) seedlessnes
(mm) (mm) & cluster &
No-treatme
; 96.4 91.3 83.1b 42b 1.98¢ 18.1a 100
n
KTS012 GAs3 50ppm  154.8 113.2 493.6a 80a 6.17a 17.5a 100
GAs3
148.6 106.4 455.7a 85a 5.36b 17.9a 100
100ppm
No-treatme
; 1124 84.9 96.4b 56b 2.61b 19.6a 100
n
KA20015 GAs 50ppm  161.2 107.2 473.9a 73a 6.65a 19.7a 100
GAs3
156.3 105.1 462.3a 71a 6.67a 19.6a 100
100ppm
No-treatme
. 109.6 84.6 95.9b 48b 2.32b 20.6a 100
n
KS20011 GA3 50ppm  181.7 107.8 459.1a 76a 5.98a 20.1a 100
GAs3
184.5 110.6 464.9a 75a 6.13a 20.5a 100
100ppm
No-treatme
. 1131 90.2 104.1b 52.2b 1.99c 19.5a 100
n
GA3
KTS0111 159.4 120.4 532.5a 79.3a 6.74a 19.2a 100
50ppm
GA3
153.7 117.2 509.3a 86.0a 5.92b 19.0a 100
100ppm
No-treatme
. 101.5 92.6 135.1b 51b 3.21b 20.0a 100
n
GA3
KN20013 166.1 105.7 559.6a 72a 8.58a 20.1a 100
50ppm
GA3
165.9 108.8 567.2a 77a 8.81a 20.4a 100
100ppm
No-treatme
; 98.5 68.4 90.5b 52b 1.98b 20.2a 100
n
GA3
KN20018 178.5 104.9 450.3a 95a 4.24a 20.5a 100
50ppm
GA3
181.9 106.8 452.8a 98a 4.38a 20.8a 100
100ppm

Values sharing the same letter in each column are not significantly different from

each other.
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KTS012
Control  50ppm 100ppm

Fig.27. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.

Fig.28. Effects of GAs 100ppm, GAs 50ppm and self-pollination treatment on the
fruit growth in triploid hybrids.
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Fig.29. Effects of self-pollination, GAs 50ppm, GAs 100ppm, and GAs 100ppm +
2.5ppm CPPU, GAs 100ppm + SM200mg/L treatment on the fruit growth in
triploid hybrids.

Fig.30. Effects of self-pollination, GAs 100ppm, GAs 100ppm + MC 880mg/L
and GAs3 100ppm + CPPU 2.5ppm treatment on the on the fruit growth in
triploid hybrids.
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Table12. Effect of plant growth regulator treatment on the fruit quality in triploid

hybrids-1.
A Average Average
verage .. Average Average Soluble Harvest
. diameter . no. of . .
Hybrid length of weight of . weight of . time
Treatment berries . solids
name clusters clusters berries (Month-D
(mm) clusters (©) per (8) (BX) ay)
(mm) cluster 4
GA> 50ppm 171.3 116.0 535.1¢c 67.6b 7.91a 20.1a  Oct.-10
GA: 100ppm 182.0 115.7 562.8¢ 69.3b 8.12a 20.1a Oct.-10
GA; 100ppm +
KS20015 SM200mg/L 180.6 111.6 580.5¢ 80.2a 7.24b 19.0b Oct.-15
GA-100ppm + MC 4733 1142 6325b  863a  7.33b  200a  Oct-5
880mg/L
GA100ppm * CPPU 4918 1126 7098a 8552  830a  197ab  Oct-15
2.5ppm
GAs 50ppm 164.1 105.4 450.3b 95.6¢ 4.71a 204a  Sept.-10
GA> 100ppm 162.6 105.8 467.1b  101.3c 4.62a 20.3a  Sept.-10
GA; 100ppm +
KTS011 SM200mg/L 185.9 109.2 500.3ab  140.4a 3.57b 189b  Sept.-20
GA; 100ppm + MC
880mg/L 169.2 112.3 515.7ab  110.4b 4.67a 20.2a Sept.-10
CA10PPm FCIPU T 1735 1160 S624a  1140b 4931 2022 Sept-15
S5ppm
GAs 50ppm 2234 120.6 779.0b 93a 8.38b 21.1a  Sept.-1
GAs 100ppm 225.1 1251 812.1b 97a 8.39b 21.0a  Sept.-1
GA: 100ppm +
YRO9803 SM200mg/L 240.2 1248  887.9ab  104a 8.53b 19.3b  Sept.-10
GA; 100ppm + MC
880mg/L 237.3 132.0 911.7ab  101.7a 9.0ab 20.9a Sept.-1
GA 100ppm * CPPU- 5y75 1388  9863a  96a  1027a  205ab  Sept.-5

2.5ppm

Values sharing the same letter in each column are not significantly different from each other.
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Tablel3. Effect of plant growth regulator treatment on the fruit quality in triploid

hybrids-2.
Average Average
Average . Average Average Soluble Harvest
. diameter . no. of . .
Hybrid length of weight of . weight of . time
Treatment berries . solids
name clusters clusters clusters per berries (Month-D
BX
(mm) (©) cluster ©) (BX) ay)
GA:50ppm 143.9 105.1 281.3a 50.1a 5.61ab 209a  Sept.-10
GA: 100ppm 144.8 105.6 295.8a 53.5a 5.53bc 20.6a  Sept.-10
GA; 100ppm +
KA20012 SM200mg/L 148.2 108.2 300.4a 56.0a 5.36¢ 20.3a  Sept.-10
GA; 100ppm + MC
880mg/L 146.3 109.8 325.5a 56.8a 5.73ab 20.6a  Sept.-10
CA10ppm TCPPUT 1532 1129 3430a 540 636a 205 Sept-10
Sppm
GA: 50ppm 143.2 106.7 405.5b 62.7b 6.47ab 20.6a  Aug.-20
GA: 100ppm 145.8 105.4 416.0b 64.8b 6.42ab 20.6a  Aug.-20
GA; 100ppm +
KB0120 SM200mg/L 150.1 107.3 432.9ab 73.5a 5.89¢ 20.1a  Aug.-20
CA e TMC 1494 1130 4504ab  694a 649D 207a  Aug-I5
mg/L
GA100ppm * CPPU 4550 1196 476.0a  70.0a  6.80a 2052  Aug-20
2.5ppm
GA: 50ppm 148.3 106.5 455.4b 62.9¢ 7.24b 21.2a  Aug-20
GA, 100ppm 151.4 107.2 463.8b 63.4c 7.32b 21.1a  Aug.-20
GA: 100ppm +
KN200110 SM200mg/L 170.8 1069  490.9ab  88.1a 5.57¢c 20.4a  Aug.-30
O arpm FME 1621 1074 5302a 726bc  730b  208a  Aug-20
mg/L
GA100ppm * CPPU 4796 1153 5584a  760b  8.00a  206a  Aug-25

2.5ppm

Values sharing the same letter in each column are not significantly different from each other.
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Tablel4. Effect of plant growth regulator treatment on the total sugar and organic

acid content in triploid hybrids-1.

Total

Total
Hybrid Glucose Fructose sugar Malic acid Tartaric ° a.
name  |reatment (%) (%)  content (%) acid (%) °"8MC
2 acid (%)
GA. 50ppm 6.20 7.44 13.64 0.39 0.43 0.82
GA. 100ppm 6.43 7.95 14.38 0.40 0.43 0.83
KA GA; 100ppm +
N 200 5.94 7.23 13.17 0.42 0.44 0.86
GA: 100ppm + MC
S/ 6.28 7.68 13.96 0.38 0.43 0.81
G 100ppm T CEPPU 662 7.81 14.43 0.40 0.42 0.82
Sppm
GA» 50ppm 7.00 8.86 15.86 0.47 0.46 0.93
GA» 100ppm 7.19 9.23 16.42 0.47 0.45 0.92
KB GA. 100ppm +
o1 200 6.93 8.75 15.68 0.49 0.45 0.94
GA: 100ppm + MC
S/ 736 938 16.74 0.46 0.47 0.93
e AT 9.02 1613 0.47 0.47 0.94
Sppm
GA. 50ppm 7.09 8.19 15.28 0.42 0.49 0.92
GA- 100ppm 6.73 812 14.85 0.44 0.49 0.93
KN GA: 100ppm +
oo 200 6.17 7.48 13.65 0.43 0.48 0.91
GA; 100ppm + MC
A 6.85 8.04 14.89 0.42 0.49 0.91
GA» 100ppm + CPPU- ¢ 5 8.25 14.77 0.44 0.47 0.91

2.5ppm
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Tablel5. Effect of plant growth regulator treatment on the total sugar and organic

acid content in triploid hybrids-2.

Hybrid Treatment Ghtcose Frugtose sirlf;:i 1\;[;12{: Tfilrtaroic ofgC)z:ilic
name (%) (%) co(n(;:e)nt (%) acid (%) acid (%)
GAs 50ppm 7.09 8.19 15.28 0.34 0.39 0.73
GA. 100ppm 6.73 8.12 14.85 0.34 0.38 0.72
o Gé“l\;[zlggg?; 617 7.48 13.65 0.36 0.39 0.75
GA g%oolj;’grj; ME 685 8.04 14.89 0.34 0.37 0.71
GA 1002?5Ppmpr: PPU 652 8.5 14.77 035 0.38 0.73
GAs 50ppm 7.24 8.05 15.29 0.40 0.42 0.82
GA. 100ppm 7.38 8.31 15.69 0.41 0.43 0.84
iy G&;ggg;;‘; 5.88 7.26 13.14 045 0.48 0.93
G ;%%f;“/; ME 703 8.18 15.21 0.40 043 0.83
GA: 10‘;‘_’;;?; CPPU 676 7.83 14.59 041 0.44 0.85
GA. 50ppm 7.92 9.41 17.33 031 0.38 0.69
GA. 100ppm 8.29 9.69 17.96 0.33 0.38 0.71
N G&;gggg; 7.25 8.80 16.05 0.36 0.40 0.76
GA g%%ﬁ’g‘j; ME 508 9.73 17.81 0.33 0.37 0.70
GA100ppm + CPPU- 5 7y 9.22 16.96 0.34 0.38 0.72

2.5ppm
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Fig.31. Changes of tartaric acid content according to treatment

of plant growth regulator in triploid hybrids
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Fig.32. Changes of malic acid content according to treatment of

plant growth regulator in triploid hybrids
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Fig.33. Changes of total organic acid content according to

treatment of plant growth regulator in triploid hybrids
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Fig.34. Changes of glucose content according to treatment of

plant growth regulator in triploid hybrids
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Fig.35. Changes of fluctose content according to treatment of

plant growth regulator in triploid hybrids
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Fig.36. Changes of total sugar content according to treatment of

plant growth regulator in triploid hybrids
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Tablel6. Effect of GAs treatment on the fruit characteristic in Bri9211xNeo(®.

Average 'Average Average Average Average  Soluble % of
length of diameter of . no. of . . .
Treatment weight of . weight of solids seedlessn
clusters clusters clusters ( )berrles Per || ies © (B (530nm)
(mm) (mm) 8 cluster 5
No-treatment ~ 46.2 66.3 31.8 27 1.17 22.7 2.06 100
GA3 100ppm  144.8 74.8 1239 53 2.33 22.9 212 100

Fig.37. Effect of GAs treatment on the fruit growth in Bri9211xNeo®
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Fig. 38. Effect of GAs treatment on the sugar content in Bri9211xNeo(®)
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Fig. 39. Effect of GAs treatment on the organic acid content in Bri9211xNeo(®
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3L =
FEA S

o

Zox o7 s#sle] 53 (5=very good, 4=good, 3=fair, 2=poor,
1=very poor) HE=Z 73t =], olw AEAo] AAHE HAaste] AFE

Ho =z 319 thH(Mohsenin, 1986).
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Fig. 1. Change in respiration rate of the a new grape variety stored at 10C, 1C, and
room temperature(about 29 C), respectively. Vertical bars represent standard

deviation of the mean.
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Fig. 2. Change in ethylene production of the a new grape variety stored at1C, 10T,
and room temperature(about 29 C), respectively. Vertical bars represent standard

deviation of the mean.
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Fig. 3. Change in soluble solids content of the a new grape variety stored at 1TC, 1
0C, and room temperature(about 29C), respectively. Vertical bars represent

standard deviation of the mean.
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Fig. 4. Change in ascorbic acid content of the a new grape variety stored at 1'C, 10T
and room temperature(about 29 C), respectively. Vertical bars represent standard

deviation of the mean.
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Fig. 5. Change in weight loss of the a new grape variety stored at 10C, 1T and
room temperature(about 29C), respectively. Vertical bars represent standard

deviation of the mean.
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Fig. 6. Change in abnormal fruit rate of the a new grape variety stored at 10C, 1
and room temperature(about 29C), respectively. Vertical bars represent standard

deviation of the mean.
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Table 1. Change in titratable acid of the a new grape variety stored at room

temperature(about 29°C), 10C, and 1C, respectively (Unit : g malic acid/100g).

Storage ' Days of storage
. Variety
temp.(C) 0 3 6 9 10 12 20
AK8609 0.54 0.43 0.52 0.69 . 0.52 ¥
RT KB0120 0.54 0.63 0.69 0.36 - 0.48 *
YRO9803 1.17 1.04 1.21 091 - * *
Kyoho 1.19 1.26 0.94 * - * *
AK8609 0.54 - - - 0.48 - 0.52
10 KB0120 0.54 - - - 0.67 - 0.50
YRO9803 117 - - - 1.01 - 1.11
Kyoho 1.19 - - - 1.10 - 1.15
AK8609 0.54 - - - 0.90 - 0.73
1 KB0120 0.54 - - - 0.66 - 0.62
YRO9803 117 - - - 1.10 - 1.09
Kyoho 1.19 - - - 1.15 - 1.21

“This mean that measuring day is not. "Data after shelf life was removed.

Table 2. Change in overall quality of the a new grape variety stored at room

temperature(about 29C), 10C, and 1C, respectively.

Storage . Days of storage
. Variety

temp.(C) 0 3 6 9 10 12 20
AK8609 5.0 4.0 4.0 3.0 o 2.0 >
RT KB0120 5.0 4.0 3.0 1.0 - 1.0 *
YRO9803 5.0 5.0 3.8 2.4 - * *
Kyoho 5.0 3.5 2.4 * - * *
AK8609 5.0 - - - 4.0 - 3.0
10 KB0120 5.0 - - - 3.0 - 22
YRO9803 5.0 - - - 3.8 - 3.2
Kyoho 5.0 - - - 3.2 - 1.2
AK8609 5.0 - - - 4.0 - 3.0
1 KB0120 5.0 - - - 3.5 - 1.8
YRO9803 5.0 - - - 3.7 - 2.8
Kyoho 5.0 - - - 3.0 - 1.4

“Sensory evaluation table: 5=excellent, 4=good, 3=moderate/marketable, 2=poor,
1=very poor. *This mean that measuring day is not. *Data after shelf life was

removed.
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27 FMAXZS AT AR EZA DA

1) "AKS8609' # &

S AR HEA 72%Z YEFHAT. A, o]akstErA Sk Wl Al SRy
HH 2 70um LDPE ZEoA A% FEdo] 98% = 7F4 =9koen 50um LDPE
92 30m LDPE 28 22 S$Ih(Fig. 7).
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CO2 contents
(%)

15 30 45 60
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Fig. 7. Change in oxygen and carbon dioxide contents during storage of the
"AK8609" at 1T as influenced by packaging materials. Vertical bars represent

standard deviation of the mean.
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XA FH WS 'AKR903 FF 9 784 nEE, HEW C 2 HAMNE
slaF W3l Table 39 Z+ZF el 7184 1 E &3> A % 16°Brix
2 AFAY E EFA FHo wE W3S Holx okt AHA
T 2 A" M= g
slo] 60U A o

=

M= g
o] °F 0.54g malic acid/100g% o 30Y 9]
0.08¢ malic acid/100g<]
EAFA F

=
<5 T

ol

F 43 4
e W g vhehiglth e
of whe Aol vhehbd gtk

| 30um LDPE d&olA 42ng -g FW.E B
59100

abd BEbY C e A%
50um LDPE % 70um LDPE

zAA e wlal EA A
Hg cow 77 Yehy,

Table 3. Change in soluble solids, titratable acid, and ascorbic acid contents during

storage of the "AK8609" at 1C as influenced by packaging materials
Kinds of Days of storage
Items”
flm’Gm) 15 30 45 60
30 160 a* 170a 166a 182a 172 a
Soluble solids 50 160 a 192a 186a 180a 176 a
70 160 a 156a 180a 129a 168 a
30 094a 08 a 112a 010a 009a
Titratable acid 50 094a 08la 09a 010a 008a
70 094a 097a 09%a 007a 008a
30 470 a 630a 88 a 370a 420 a
Ascorbic acid 50 470 a 560a 770a 310a 4.00a
70 470 a 480 a 570a 300a 340a
Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ng/g)

"Low density polyethylene(LDPE). "Mean separation within columns by Duncan’s
multiple range test at 5% level

- 108 -



FREAS AGrIe] Agdel me 2Z g AF ATDel 30
m LDPE HEA 15%= 7H =%kom 50m LDPE % 70um LDPE Z & +2
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Fig. 8. Effect of MA packaging on the weight loss during storage of the "AK8609” at

1C. Vertical bars represent standard deviation of the mean.
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Fig. 9. Effect of MA packaging on the abnormal fruit ratio and overall quality
during storage of the "AK8609" at 1°C. Vertical bars represent standard deviation of

the mean.
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Fig. 10. Change in oxygen and carbon dioxide contents during storage of the
"KB0120" at 1T as influenced by packaging materials. Vertical bars represent

standard deviation of the mean.
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o C g Wil Table 49 2l /M4 1B dFL AF % 180°Brixe
et ov A4713F B 232l mE Aol HolA sk, A4 At W
sto] Agol= A 309 olF A A= ol 43 Ao TFA A
e zpol= uvEbbA] eFstth. g, BIEtY C e A 309l 30um LDPE
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olA ekttt

d

B

Table 4. Change in soluble solids, titratable acid, and ascorbic acid contents during

storage of the 'KB0120" at 1C as influenced by packaging materials.

Kinds of Days of storage
Items”
film” (sm) 0 15 30 45 60
30 180 a* 178 a 180 a 160 a 186 a
Soluble solids 50 180a 176 a 172 a 183 a 194 a
70 180a 182a 176 a 179a 170 a
30 154 a 159 a 144a 012a 011 a
Titratable acid 50 154 a 143a 151 a 012a 0.06a
70 154 a 119a 130a 012a 011 a
30 71a 130a 109 a 99 a 83 a
Ascorbic acid 50 71 a 93 a 9.0 a 82 a 85 a
70 71 a 9.1 a 6.2 a 73 a 70 a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ng/g).
"low density polyethylene(LDPE). “Mean separation within columns by Duncan’s

multiple range test at 5% level.
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Fig. 12. Effects of MA packaging on the abnormal fruit ratio and overall quality
during storage of the 'KB0120" at 1'C. Vertical bars represent standard deviation

of the mean.
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Fig. 13. Change in oxygen and carbon dioxide contents during storage of the
"YRO9803" at 1T as influenced by packaging materials. Vertical bars represent

standard deviation of the mean.
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acid/100g % 9.0ng/g®l 443 FFS FE8] FAsAL ALl e Aol

w5 e ergit,

Table 5. Change in soluble solids, titratable acid, and ascorbic acid contents

during storage of the "YRO9803" at 1C as influenced by packaging materials.

Kinds of Days of storage
Items”
film” (ym) 0 15 30 45 60
30 202 a* 198 a 192a 194a 190 a
Soluble solids 50 202a 206a 202a 194a 200 a
70 202a 192a 200a 190a 192 a
30 009a 012a 010a 0.09a 011 a
Titratable acid 50 010a 010a 010a 010a 0.09 a
70 0.09 a 0.10 a 0.09 a 012 a 0.11 a
30 99 a 95 a 84 a 84 a 9.2 a
Ascorbic acid 50 95 a 92 a 75 a 9.0 a 71 a
70 9.5 a 105 a 7.7 a 6.8 a 89 a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).
"low density polyethylene(LDPE). “Mean separation within columns by Duncan’s

multiple range test at 5% level.
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Fig. 14. Effect of MA packaging on the weight loss during storage of the "YRO9803’

at1C. Vertical bars represent standard deviation of the mean.
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Fig. 15. Effects of MA packaging on the abnormal fruit ratio and overall quality
during storage of the "YRO9803" at 1C. Vertical bars represent standard deviation

of the mean.
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Table 6. Effect of storage temperature and relative humidity on the weigh

loss of bred grips.

Storage Variety/RH(%)
Days of
temp. storage "KB0120’ "KBO115’ "KTS011’
(C) 85+2 90+2 95+2 85+2 90+2 95+2 8542 90+2 9542
10 14 07 03 18 11 03 13 09 04
1 15 47 25 09 33 24 07 42 32 23

20 8.9 3.8 1.9 44 3.7 15 52 6.1 27

15 6.9 3.5 25 41 29 1.3 50 31 1.4
RT(25) 45 97 52 51 86 68 6.2 73 42 54
75 148 63 69 111 64 61 121 82 53

Table 7.  Effect of storage temperature and relative humidity on the

abscission rate of bred grips.

Variety /RH(%)

Storage Days of

. ‘KB0120 ‘KB0115 ‘KTS011’
temp.(C) storage

852 90+2 9542 852 90+2 9512 85+2 90+2 9512

10 00 14 00 00 59 32 07 07 00
1 15 00 57 81 1.1 34 281 16 65 184
20 109 231 320 264 400 642 100 600 485

15 44 82 106 278 36 177 114 100 155
RT(25) 45 00 30 267 197 899 227 165 48 565
75 39 139 68 333 366 500 289 541 545
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Fig. 16. Effect of storage temperature and relative humidity on the sugar

contents of bred grips. Vertical bars represent standard deviation of the mean.
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Fig. 17. Effect of inserting the charcoal paper in MA packaging on the change of
oxygen and carbon dioxide contents in packaging of "AK8609" stored at 4T.

Vertical bars represent standard deviation of the mean.
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Fig. 18. Effect of inserting the charcoal paper in MA packaging on the ethylene
contents in packaging of "AK8609" stored at 4C. Vertical bars represent standard

deviation of the mean.
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Fig. 19. Effect of inserting the charcoal paper in MA packaging on the weight loss of

"AK8609 stored at4C. Vertical bars represent standard deviation of the mean.
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Table 8. Effect of inserting the charcoal paper in MA packaging on the soluble

solids, titratable acid, and ascorbic acid contents of "AK8609” stored at 4C.

Days of storage

Ttems” treatments
0 15 30 45 60

Control 171a 169a 173a 178 a 170 a
Charcoal paper-1 178 a 176 a 196 a 185a 176 a

luble solid
Soluble solids -y - coal paper2 1802 180a 186a 179a 166 a

Charcoal paper-3 171 a 194 a 176 a 166 a 176 a

Control 038 a 034 a 03 a 042a 037 a
Charcoal paper-1 038 a 034 a 034 a 038a 037a

Titratable acid
FHAtabie 9% Charcoal paper2 038 a 037a 04la 038a 039a

Charcoal paper-3 038 a 040a 034a 041 a 045 a

Control 340 a 230a 340a 320a 310 a
Charcoal paper-1 340 a 250a 370a 350a 280a

Ascorbic acid
scorbic acid . paper2 340 a 220a 400a 370a 3.00a

Charcoal paper-3 340 a 240a 390a 380a 310a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 20. Effect of inserting the charcoal paper in MA packaging on the abnormal
fruit ratio, mold production and overall quality of "AK8609" stored at 4TC.

Vertical bars represent standard deviation of the mean.
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Fig. 23. Effect of inserting the charcoal paper in MA packaging on the weight loss

of 'KB0120’ stored at4C. Vertical bars represent standard deviation of the mean.
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Table 9. Effect of inserting the charcoal paper in MA packaging on the soluble

solids, titratable acid, and ascorbic acid contents of "KB0120" stored at4C.

Kinds of Days of storage
Ttems”
charcoal paper 0 15 30 45 60
Control 167 ¥ 165a 175 a - -

Charcoal paper-1 167 a 164 a 172a 172 a 177 a

Soluble solid
OHble SOUES Charcoal paper-2 165a 168 a 190a 173 a 173 a

Charcoal paper-3 166 a 166 a 178a 173 a 168 a

Control 041a 049 a 045a - -
Charcoal paper-1 041 a 048 a 047 a 049a 053 a

Titratable acid
Hatable a9 Charcoal paper2 04l a 053a 046a 050a 053 a

Charcoal paper-3 041 a 053 a 047a 049 a 055 a

Control 410a 39 a 340 a - -
Charcoal paper-1 410a 390a 400a 380 a 280a

Ascorbic acid
scorbic acid ., . paper2 410 a 390 a 350a 350a 220a

Charcoal paper-3 410a 420a 420a 420a 340a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 24. Effect of inserting the charcoal paper in MA packaging on the abnormal
fruit ratio, overall quality, and mold production of 'KB0120" stored at 4T.

Vertical bars represent standard deviation of the mean.
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Fig. 25. Effect of inserting the charcoal paper in MA packaging on the change of
oxygen and carbon dioxide contents in packaging of "YRO9803" stored at 4C.

Vertical bars represent standard deviation of the mean.
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Fig. 26. Effect of inserting the charcoal paper in MA packaging on the ethylene

contents in packaging of "YRO9803" stored at 4C. Vertical bars represent

standard deviation of the mean.
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Fig. 27. Effect of inserting the charcoal paper in MA packaging on the weight loss of

"YRO9803" stored at 4 C. Vertical bars represent standard deviation of the mean.
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Table 10. Effect of inserting the charcoal paper in MA packaging on the soluble

solids, titratable acid, and ascorbic acid contents of “YRO9803" stored at 4 C.

] Kinds of Days of storage
Items
charcoal paper 0 15 30 45 60
Control 194 a 178 a 193 a 195a 208 a

Charcoal paper-1 200a 203 a 189a 172 a 185 a

Soluble solids
Charcoal paper-2 198 a 207 a 182a 207 a 203 a

Charcoal paper-3 208 a 225a 183 a 197 a 183 a

Control 036 a 035a 036 a 040 a 041 a

Charcoal paper-1 036 a 035a 037a 042a 036a

Titratable acid
Charcoal paper-2 036 a 036 a 037a 040a 038 a

Charcoal paper-3 036 a 045a 035a 038a 039 a

Control 450 a 220a 320a 260a 270 a

Charcoal paper-1 450 a 310a 340a 280a 270 a

Ascorbic acid
Charcoal paper-2 450a 300a 320a 270a 280a

Charcoal paper-3 450a 370a 290a 310a 3.00a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 28. Effect of inserting the charcoal paper in MA packaging on the abnormal
fruit ratio, overall quality, and mold production of "YRO9803" stored at 4.

Vertical bars represent standard deviation of the mean.
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Fig. 29. Effect of CO, gas control in MA packaging on the change of oxygen and
carbon dioxide contents in packaging of "AK8609" stored at 4°C. Vertical bars

represent standard deviation of the mean.
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Fig. 30. Effect of CO, gas control in MA packaging on the change of ethylene
contents in packaging of "AK8609" stored at 4C Vertical bars represent standard

deviation of the mean.
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Fig. 31. Effect of CO; gas control in MA packaging on the weight loss of "AK8609

stored at4C. Vertical bars represent standard deviation of the mean.
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Table 11. Effect of CO; gas control in MA packaging on the soluble solids, titratable

acid, and ascorbic acid contents of AK8609 stored at 4C.

Concentration of

Days of storage

[tems” .
CO, (%) 0 15 30 45 60
Air 171 a* 170a 178 a 17.8 17.0
Air+5 179 a 182 a 186 a - -
Soluble solids
Air+10 180 a 165a 176 a - -
Air+15 177 a 180 a 175 a - -
Air 038a 034 a 038a 0.42 0.37
Air+5 038 a 042 a 037 a - -
Titratable acid
Air+10 038a 038a 029 a - -
Air+15 038 a 039a 045 a - -
Air 410 a 230 a 340 a 2.60 2.20
Air+5 410 a 300 a 4380 a - -
Ascorbic acid
Air+10 410 a 320a 290 a - -
Air+15 410a 320a 340 a - -

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 32. Effect of CO, gas control in MA packaging on the abnormal fruit ratio and
overall quality of "AK8609" stored at 4C. Vertical bars represent standard

deviation of the mean.
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Fig. 33. Effect of CO, gas control in MA packaging on the change of oxygen and
carbon dioxide contents in packaging of "KB0120" stored at 4C. Vertical bars

represent standard deviation of the mean.
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Fig. 34. Effect of CO, gas control in MA packaging on the change of ethylene
contents in packaging of "KB0120" stored at 4°C. Vertical bars represent standard

deviation of the mean.
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Fig. 35. Effect of CO; gas control in MA packaging on the weight loss of "KB0120

stored at4C. Vertical bars represent standard deviation of the mean.
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Table 12. Effect of CO; gas control in MA packaging on the soluble solids, titratable

acid, and ascorbic acid contents of "KB0120" stored at4C.

Concentration of Days of storage

Ttems” .

CO, (%) 0 15 30 45 60
Air 16.7 a¥ 165 a 163 a - -
Air+5 16.7a 169 a 175 a - -

Soluble solids
Air+10 167 a 168 a 172 a - -
Air+15 165a 164 a 165 a - -
Air 041 a 049 a 047 a - -
Air+5 041 a 047 a 042 a - -

Titratable acid
Air+10 041 a 051 a 045 a - -
Air+15 041 a 054a 052a - -
Air 450a 320a 190 a - -
Air+5 450 a 340 a 240 a - -

Ascorbic acid
Air+10 450 a 400a 170 a - -
Air+15 450 a 380 a 230 a - -

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 37. Effect of CO, gas control in MA packaging on the change of oxygen and
carbon dioxide contents in packaging of "YRO9803" stored at 4C. Vertical bars

represent standard deviation of the mean.
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Fig. 38. Effect of CO, gas control in MA packaging on the change of ethylene
contents in packaging of "YRO9803" stored at 4C. Vertical bars represent

standard deviation of the mean.
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Fig. 39. Effect of CO; gas control in MA packaging on the weight loss of "YRO9803

stored at4C. Vertical bars represent standard deviation of the mean.
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Table 13. Effect of CO; gas control in MA packaging on the soluble solids, titratable

acid, and ascorbic acid contents of “YRO9803" stored at 4 C.

Concentration of Days of storage

Ttems” .
CO, (%) 0 15 30 45 60
Air 16.7 a¥ 165a 163 a 163 a 154 a
Air+5 167a 169 a 175a 154 a 162 a
Soluble solids
Air+10 167 a 168 a 172 a 163 a 158 a
Air+15 165a 164 a 165a 165 a 155 a
Air 041 a 049 a 052a 048 a 045 a
Air+5 041 a 048 a 047 a 044 a 043 a
Titratable acid
Air+10 041 a 053a 046a 045a 043 a
Air+15 041 a 053a 047 a 047 a 042 a
Air 470 a 320a 280 a 30l a 286a
Air+5 470 a 340 a 310a 288 a 29 a
Ascorbic acid
Air+10 470 a 320a 320a 300a 3.05a
Air+15 470a 300a 310a 315a 302a

“Soluble solids(°Brix), Titratable acid(g malic acid/100g), Ascorbic acid(ug/g).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 40. Effect of CO, gas control in MA packaging on the abnormal fruit ratio and
overall quality of "YRO9803" stored at 4C. Vertical bars represent standard

deviation of the mean.
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Tablel. DPPH Radical scavening of extracts obtained from skin of triploid

hybrid grapes

Hybrid name Dpph radical Hybrid name Dpph radical
KB 64.2 KN20013 57.2
KB0115 63.6 KN20018 59.0
KB0120 68.5 KN200110 66.2
KB0122 66.5 KTS011 65.7
KB0105 63.7 KTS0111 63.9
KA20012 60.4 KTS013 62.3
KA20015 61.8 KTS014 65.2
KS20011 53.6 KD-1 53.4
KS20013 55.9 KS520015 56.7
Campbell Early 51.2 Kyoho 46.7

Table2. SOD activity of extracts obtained from skin of triploid hybrid and

Vitis spp.
Hybrid name SOD activity Hybrid name SOD activity
KB 67.3 KN20013 62.9
KB0115 64.6 KN20018 63.5
KB0120 69.5 KN200110 66.6
KB0122 66.4 KTS011 65.3
KB0105 64.2 KTS0111 62.8
KA20012 67.1 KTS013 67.7
KA20015 65.2 KTS014 65.9
KS20011 62.4 KD-1 61.5
KS20013 61.7 KS20015 62.3
Campbell Early 55.2 Kyoho 59.6
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Table3. ABTS activity of extracts obtained from skin of triploid hybrid grapes

Hybrid name ABTS Hybrid name ABTS
KB 76.9 KN20013 73.1
KB0115 77.5 KN20018 74.6
KB0120 79.8 KN200110 79.6
KB0122 80.4 KTS011 78.9
KB0105 78.0 KTS0111 76.4
KA20012 75.4 KTS013 76.2
KA20015 76.1 KTS014 77.4
KS20011 70.2 KD-1 71.7
KS20013 723 KS20015 74.0
Campbell Early 70.1 Kyoho 65.4
el vl el o] vaA e FAE el AL A=)
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Tablel. Agronomic characteristics of triploid hybrid grapes that had been bred

in this project

Bud burst Blooming .. Harvest
. Cross . . Veraision .
Hybrid name combination period period (Month-Day) period
(Month-Day) | (Month-Day) y (Month-Day)
KB0115 4-18 6-05 7-30 8-20
KB0120 4-16 6-01 7-20 8-20
KBoizz | <yoho x Muscat| 6-05 7.25 8-30
of Bailey. A
KB0105 4-22 6-05 7-25 8-30
KB0129 4-18 6-10 8-10 9-30
KA20012 4-25 6-05 8-05 9-10
KA20014 | Kyoho x Muscat| 5 6-05 8-10 9-20
of Alexandria
KA20015 4-25 6-05 8-10 9-20
KS20011 4-25 6-01 8-05 9-10
KS20013 Kyoho x Sekirei 4-25 6-05 8-10 9-20
KS20015 4-26 6-10 9-01 10-10
KN20011 4-25 6-05 8-05 9-20
KN20013 4-16 6-01 7-25 9-01
KN20014 Kyoho * Neo 4-18 6-10 8-01 9-10
KN20015 Muscat 4-20 6-05 8-01 9-10
KN20018 4-25 6-10 8-20 9-30
KN200110 4-16 6-02 7-20 8-30
KTS011 4-22 6-07 8-01 9-10
KTS0110 4-28 6-10 8-20 10-1
Kyoho x
KTS0111 Thompson 4-25 6-05 7-25 9-1
Seedless
KTS013 4-26 6-05 8-01 9-10
KTS014 4-18 6-01 7-20 8-10
KD-1 Kyoho x Delaware 4-18 6-05 8-10 9-20
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Table2. Leaf characteristics of triploid hybrid grapes that had been bred in

this project

Hybrid | Shape | P W | VIL | VRL | VLL | TS | TW | TTW | TTE
name of blade| (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

KB Deltoid | 137.2 | 181.5 | 137.2 | 119.7 | 107.7 | 59.3 | 96.5 | 41.6 | 39.7

KB0115 Deltoid | 143.9 | 176.7 | 1439 | 121.1 | 108.3 | 594 | 77.7 | 39.6 | 37.6

KB0120 | Deltoid | 159.2 | 209.8 | 159.2 | 136.2 | 136.4 | 539 | 101.8 | 46.3 | 64.3

KB0122 Deltoid | 148.3 | 184.2 | 148.3 | 113.1 | 118.7 | 465 | 869 | 48.2 | 45.2

KB0105 Deltoid | 129.9 | 148.7 | 129.9 | 1152 | 95.6 | 57.8 | 749 | 383 | 33.1

KB0129 Deltoid | 158.2 | 229.3 | 158.2 | 140.5 | 1225 | 63.7 | 90.7 | 50.7 | 449

KA20012 |Deltoid | 140.2 | 153.2 | 140.2 | 102.6 | 109.1 | 334 | 589 | 434 | 415

KA20015 |Deltoid | 148.9 | 207.2 | 148.9 | 134.9 | 140.1 | 68.0 | 76.5 | 444 | 40.6

KS20011 | Deltoid | 156.2 | 200.9 | 156.2 | 141.0 | 124.6 | 65.3 | 1124 | 56.2 | 38.4

KS20013 | Deltoid | 147.7 | 193.3 | 147.7 | 125.3 | 121.2 | 104.3 | 819 | 384 | 343

KS20015 | Deltoid | 135.9 | 198.6 | 135.9 | 128.1 | 118.8 | 58.5 | 93.2 | 52.0 | 42.6

KN20013 |Deltoid | 127.1 | 179.4 | 127.1 | 109.1 | 110.6 | 1084 | 94.7 | 425 | 39.0

KN20014 |Deltoid | 169.1 | 240.2 | 169.1 | 1385 | 1355 | 59.2 | 90.6 | 55.2 | 52.1

KN200110 |Deltoid | 160.4 | 212.8 | 160.4 | 135.0 | 114.5 | 108.1 | 99.3 | 51.6 | 43.8

KTs011 Deltoid | 150.3 | 193.0 | 150.3 | 130.7 | 129.2 | 794 | 82.1 | 41.0 | 404

KTS0110 | Deltoid | 143.8 | 160.9 | 143.8 | 1054 | 111.8 | 79.7 | 69.6 | 369 | 47.7

KTS0111 | Deltoid | 142.7 | 209.1 | 142.7 | 130.2 | 131.3 | 112.3 | 804 | 37.6 | 424

KTs013 Deltoid | 136.3 | 164.2 | 136.3 | 87.3 | 116.7 | 77.0 | 54.8 | 32.6 | 29.5

KTS014 Deltoid | 143.5 | 169.7 | 1435 | 921 | 91.3 | 393 | 89.6 | 53.9 | 39.1

KD-1 Deltoid | 155.6 | 184.4 | 184.4 | 112.8 | 1354 | 41.1 | 105.5 | 80.3 | 60.7
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Table3. Fruit characteristics of triploid hybrid grapes that had been bred in

this project

. Cluster Berry % of

Hybrid Seedlessnd BX° Befry
Name lweightDiameter| Length| Weight | Diameter| Length ss cotor
KB | 3376 | 1082 | 1506 | 571 | 203 | 236 100 189 | Purple
black

KBO115 | 362.9 | 1048 | 1648 | 533 | 198 | 233 100 19.7 I;‘;;}C’llf
KBO120 | 3131 | 1056 | 149.7 | 565 | 184 | 21.7 100 203 I;‘i;}gllf
KBO122 | 4804 | 1093 | 1649 | 682 | 227 | 246 100 181 I;;;Ef
KBO105 | 2975 | 981 | 1624 | 486 | 183 | 241 100 19.0 I;‘i?gllf
KBO129 | 2675 | 1032 | 1442 | 469 | 184 | 223 100 203 i‘;;ﬁllf

KA20012 | 4351 | 106.4 | 158.6 | 6.90 22.2 25.2 100 21.5 Red
KA20015 | 462.3 | 105.1 | 156.3 | 6.67 18.6 24.8 100 19.6 Red

KS20011 | 4649 | 1106 | 1845 | 6.13 20.6 23.5 100 20.5 Red

Purple
black

KS20015 | 567.2 | 108.8 | 1659 | 8.81 221 29.7 100 20.4 Red

KS20013 | 5284 | 1288 | 1882 | 7.67 21.9 26.3 100 19.3

KN20013 | 307.8 | 975 | 1504 | 621 | 206 | 244 | 100 | 191 I;‘;;Sf
KN20014 | 2160 | 1024 | 1376 | 474 | 184 | 216 | 100 18.9 I;;;Ef
KN200110| 452.8 | 1068 | 181.9 | 438 | 178 | 232 | 100 20.8 I;‘;;glf
KTSO11 |4127 | 1002 | 1646 | 513 | 196 | 257 | 100 20.6 I;;;Ef

KTS0110 | 598.2 | 105.7 | 167.8 | 8.21 22.5 29.6 100 19.6 Green

Purple
black

KTS013 | 421.2 | 1026 | 1573 | 5.44 18.2 24.0 100 20.7 Red

KTs0111 | 509.3 | 107.2 | 153.7 | 4.92 19.0 23.7 100 20.3

KTS014 | 3779 | 1071 | 1564 | 399 | 170 | 228 | 100 | 238 1;‘;;51(9
KD-1 | 5636 | 1218 | 1575 | 653 | 218 | 253 | 100 | 202 I;‘;;ff
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[ZAMEE - KB0120]

[Fig.2] KB0120 [Fig.3] Leaf of KB0120
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Tablel. Characteristics of 'KB0120" fruit that treated GAs 100ppm

Hybrid | Verage |Average no. Average | o ¢ g | Soluble % of
weight of | of berries | weight of . 1. o
name - cracking | solids (°BX) | seedlessness
clusters(g) | per cluster | berries (g)
313.1 55.4 5.65 - 20.3 100
Degree of | Degree of | Degree of
KB0120 Degree of | Jin skin frait | Desree of
Grade acidity , , , flavor
B shattering | separation firmness
2 2 1 3 4

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very
strong, 1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[ZAMETE - KD-1]

[Fig.4] KD-1
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[Fig.5] Leaf of KD-1
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Average
weight of
clusters(g)

Hybrid
name

Average no.
of berries
per cluster

Average
weight of
berries (g)

% of fruit
cracking

Soluble
solids (°BX)

% of
seedlessness

563.6

86.3

6.53

20.2

100

KD-1
Grade

->B

Degree of
acidity

Degree of
skin
shattering

Degree of
skin
separation

Degree of
fruit
firmness

Degree of
flavor

2

2

1

2

3

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[ EE - KN200110]

r

[Fig.6] KN200110

[Fig.7] Leaf of KN200110
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Table3. Characteristics of "KIN200110" fruit that treated GAs 100ppm

Hybrid | Average |Average no.| Average | o 0o i | gopple % of
weight of | of berries weight of . . o
name : cracking |solids (°BX) | seedlessness
clusters(g) | per cluster | berries (g)
463.8 63.4 7.32 0.3 211 100
KN20011 Degree of Degrée of Degre':e of Degre'e of Degree of
- 1 skin skin fruit
0 Grade acidity h . . i flavor
SB+ shattering | separation irmness
2 2 1 1 3

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very
strong, 1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[EAMEE - KTS011]

[Fig.8] KTS011 [Fig.9] Leaf of KTS011
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Table4. Characteristics of 'KTS011" fruit that treated GAs 100ppm
Hybrid AYerage Average.no. A\./erage % of fruit Soluble % of

weight of | of berries | weight of . 1. o
name - cracking | solids (°BX) |seedlessness
clusters (g)| per cluster | berries (g)
412.7 80.4 513 - 20.6 100
Degree of Degrée of Degrée of Degre.e of Degree of
KTs011 Grad 1 skin skin fruit
rade acidity . . . flavor
>B shattering | separation | firmness
2 3 4 1 4
" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,

1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[EAMEE - KTS0111]

[Fig.10] KTS0111
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Table5. Characteristics of 'KTS0111" fruit that treated GAs 100ppm

Hybrid | ~Verage |Average no.| Average | o ¢ qq | Soluble % of
weight of | of berries | weight of . 1. o
name ; cracking |solids (°BX) | seedlessness
clusters(g) | per cluster | berries (g)
509.3 103.5 492 - 20.3 100
Degree of | Degree of | Degree of
KTS0111 Degree of skin skin fruit Degree of
Grade acidity . . . flavor
B shattering | separation | firmness
1 2 2 1 3

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[EAMEE - KTS014]

[Fig.12] KTS014 [Fig.13] Leaf of KTS014
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Table6. Characteristics of 'KTS014" fruit that treated GAs 100ppm

Hybrid | Verage |Average no.| Average |, ¢ qq | Soluble % of
weight of | of berries | weight of . 1. o
name - cracking |solids (°BX) | seedlessness
clusters(g) | per cluster | berries (g)
377.9 94.7 3.99 - 23.8 100
Degree of | Degree of | Degree of
KTS014 Deg.r o of skin skin fruit Degree of
Grade acidity h . . fi flavor
SA shattering | separation irmness
3 3 4 1 4

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[Fig.14] YRO9803 [Fig.15] Leaf of YRO9803
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Table7. Characteristics of "YRO9803" fruit that treated GAs 100ppm

Hybrid | Verage |Average no.| Average | o ¢ qq | oluble % of
weight of | of berries | weight of

name | oo C e (¢) | per cluster | berries (g) cracking |solids (°BX) | seedlessness

812.1 97 8.39 1.0 21.0 100
Degree of | Degree of | Degree of
YRO9803 Deg.r o of skin skin fruit Degree of
Grade acidity . . . flavor
shattering | separation firmness
>B+
2 2 1 2 4

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[Fig.16] KA20012 [Fig.17] Leaf of KA20012
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Table8. Characteristics of "'KA20012’ fruit that treated GAs 100ppm

Average |Average no.| Average

Hybrid weight of | of berries | weight of %o of f.ru1t Solubje o of
name - cracking | solids (°BX) |seedlessness
clusters(g) | per cluster | berries (g)
435.1 63.1 6.90 - 21.5 100
Degree of Degr(?e of Degrt?e of Degre.e of Degree of
KA20012|  Grade 1 skin skin fruit
acidity . . . flavor
>B shattering | separation firmness
1 3 2 2 1

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)

- 185 -



(AAALEE - KA20015]

[Fig.18] KA20015
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Table9. Characteristics of "'KA20015 fruit that treated GAs 100ppm

Hybrid AYerage Average.no. AYerage % of fruit Soluble % of
weight of | of berries | weight of . . o
name - cracking | solids (°BX) |seedlessness
clusters(g) | per cluster | berries (g)
462.3 69.3 6.67 - 19.6 100
Degree of | Degree of | Degree of
KA20015 Degree of skin skin fruit Degree of
Grade acidity hatteri . i flavor
>B shattering | separation 1Irmness
1 3 3 1 4

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[Fig.20] KS20015 [Fig.21] Leaf of KS20015
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Table10. Characteristics of "KS20015" fruit that treated GAs 100ppm

Hybrid | Verage |Average no.| Average |, ¢ qq | Soluble % of
weight of | of berries | weight of . 1. o
name - cracking |solids (°BX) | seedlessness
clusters(g) | per cluster | berries (g)
567.2 64.4 8.81 - 204 100
Degree of | Degree of | Degree of
KS20015 Degree of skin skin fruit Degree of
Grade acidity . . . flavor
SA shattering | separation | firmness
3 2 3 1 4

" Evaluation result about degree was declared from 0 to 4 degree. (0-Very strong,
1-Strong 2-Normal, 3-Weak and 4-Very weak)
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[Fig.22] KTS0110 [Fig.23] Leaf of KTS0110
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Tablell. Characteristics of "KTS0110" fruit that treated GAs 100ppm

Hybrid AYerage Average.no. A\./erage % of fruit Soluble % of
weight of | of berries | weight of . 1. o
name ; cracking | solids (°BX) | seedlessness
clusters (g)| per cluster | berries (g)
598.2 729 8.21 - 19.6 100
Degree of | Degree of | Degree of
KTS0110 Degree of skin skin fruit Degree of
Grade acidity . . . flavor
oA shattering | separation | firmness
4 2 1 2 3

" Evaluation result about degree was declared from
strong, 1-Strong 2-Normal, 3-Weak and 4-Very weak)
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