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SUMMARY

[. Title

Identification of strawberry cultivar through molecular marker, and
development of cultural practices and postharvest management system for

strawberries.

IT. Objectives and importance

Strawberry industry in Korea has been increased, resulting in the increase of
farmer’s income. Most strawberry cultivars grown in Korea were originated
from Japan and major cultivars included Red Pearl’ and ‘Akihime’. Commercial
production of strawberries developed from Korea was extremely limited because
of unstable quality. This situation resulted in the poor development of
strawberry industry in Korea. Due to the involvement of Korean government to
UPOV, royalty to Japanese cultivars has been a serious issue and the export of
fresh strawberry to Japan is almost completely interrupted recently.

‘Maehyang’, newly released Korean -cultivar, developed from Nonsan
Strawberry Experiment Station has a strong potential for commercialization
because this cultivar has properties such as high sugar content and yield,
excellent flavors. However, the optimum cultural practices and/or key points in
‘Maehyang’ cultivation has not been clearly found. It is strongly necessary to
figure out the cultural practice to overcome the problems which were found in
pilot cultivation. And understanding postharvest behavior of ‘Maehyang’ is also
important to develop a postharvest management system.

Identification of strawberry cultivars has difficulties due to the complexity of

genetic background and vagueness of phenotypes. Problems due to poor
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identification system of strawberry cultivars are often occurred, and, thus, the
development of an objective and precise technology is required to prevent the
problems associated with nursery plants.

In this research, we have been focused 1) to develop a cultural practices
based on understanding physiological and ecological properties, 2) to find out
the mechanism associated with firmness increase by CO: treatment, 3) to
develop a postharvest technique to keep freshness during marketing of
strawberries including ‘Maehyang’, finally 4) to develop a molecular marker(s)
for the identification of strawberry cultivars grown in Korea. Through a
systemic research, we tried to suggest a commercialization model of new

strawberry cultivar.

M. Content and scope

1. Development of cultural practices of new strawberry, ‘Maechyang’

1) Understanding physiological and ecological properties of ‘Maehyang’

strawberry

The floral induction in Nonsan area occurred near on September 20 and
there was 1-2 day difference between cultivars but the growth rate of flower
bud clearly differed between cultivars. ‘Akihime’ was the most rapid rate of
flower bud development and followed by ‘Maehyang’, ‘Red Pearl’ and
‘Sachinoka’. In forcing culture of ‘Maehyang’, the time of second flower bud
differentiation was near on October 10, thus, this was the right time to start
protection from cold weather.

Early preparation of mother plants has advantages to get healthy daughter
plants because the root growth of ‘Maehyang’ was relatively slow. The amount
of runner development per plant was lower than that of ‘Red Pearl’ but similar

to that of ‘Akihime’.

,13,



The requirement of cold treatment to overcome dormancy in ‘Maehyang’
was approximately 150 to 200 hours. It was a little longer than ‘Akihime’
cultivar. ‘Maehyang’ is susceptible to anthracnose, especially in nursery stage.
To get a healthy nursery plant, it is required to produce daughter plant under
protective house. ‘Maehyang’ showed a relatively high resistance against
powdery mildew. As pest, spider mites and aphids occurred in growing season.

The induction of abnormal fruit development in ‘Maehyang’ is relatively
lower than other cultivars. However, when plants were exposed to freezing
temperature at cold season, the occurrence of abnormal fruit rapidly increased.
Thus, abnormal fruit were probably produced in the second flower cluster. It is

strongly required to protect the plant from freezing in coldest season.

2) Cultural practices for high yield of ‘Maehyang’ strawberry

The yield of ‘Maehyang’ per unit area was higher in early forcing culture
than semi-forcing culture. In semi—forcing culture, the peak of yield occurred
on April when fruit quality was dropped in general. The early forcing culture
showed the highest profits due to the quality and yield increase but it was
required to induce flower differentiation by artificial chilling treatment.

Daughter plants with crown diameter of 5~6mm showed the high yield in
early season and the optimum space for planting was 15cm. The total yield of
‘Maechyang’ was a little lower than that of ‘Akihime’ but higher than that of
‘Red Pearl’. Decrease of fruit quality was observed in fruit produced at high
temperature season like other cultivars. However, the content of soluble solids
and acidity maintained at relatively higher level even in high temperature
season. Thus fruit showed typical flavor even in high temperature season.
There was a decrease of fruit firmness at high temperature season. This
problem can be overcome by early harvest. ‘Machyang’ was appeared to be
suitable for long term cultivation.

In ‘Maehyang’, no significant different in sugar content was found between

fruit maturity at harvest from 70~90% surface coloration. Fruit firmness of full
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ripe fruit was severely decreased. It is required to shorten the harvest interval
at high temperature season.

No clear effect of stebia and salt application on solid increase was found
and also other mineral fertilizers such as Buksal, potassium slicate and chitosan
showed little effect.

Shading treatment at high temperature season reduced the over coloration of
fruit. However, because shading reduced the fruit quality, it is recommended
not to apply shading covering by March, 35% shading by April 20, and 55%

shading after May 5.

2. Postharvest management and understanding mechanism of firmness increase

by CO: treatment

1) Quality comparison between harvest maturity and cultivars, and

physiological response to high CO; treatment

There were differences in fruit quality such as firmness between farming
areas, probably resulting from the difference of cultural practice. Full ripe fruit
(100% colored) were not suitable for fresh market because of poor shipping
quality. There was an increase of soluble solids and decrease of acidity when
fruit approached to full ripe stage, resulting in the increase of sugar/acid ratio.
The level of soluble solids was higher in ‘Maehyang’ at similar stage of
maturity and acid was lower in ‘Akihime’.

The amount of soluble solids was highest in fruit produced on January and
the later the harvest season, the lower the soluble solid levels regardless of
cultivars. The ranges of solid decrease was highest in ‘Akihime’ and lowest in
‘Maehyang’. Fruit firmness increase by high CO- treatment was confirmed in
all cultivars expect ‘Akihime’.

Acid increase at late harvest season in ‘Maehyang’ was mainly due to the
increase of malic acid, however, in ‘Akihime’, malic acid showed similar

tendency to ‘Maehyang’ but citric acid also decreased. No clear change of
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internal fruit quality was found by CO: treatment. Also, the composition of
soluble sugars did not affected by high CO: treatment. The contents of

phenolics and ascorbic acid did not affected.

2) Anatomical changes by CO: treatment in strawberry fruit

It seemed that epidermal cells was probably shrunken during high CO: and
cooling treatment. Cells at torn surface of fruit showed relatively sound
appearance in CO: treated fruits. This tendency was more stronger in

‘Maehyang’ than ‘Akihime’.

3) Effect of high CO: treatment on the changes of cell wall and wall
hydrolases

Alcohol insoluble solid(AIS) content was higher in ‘Maehyan’g than ‘Akihime’.
‘Akihime’ contained higher amount of water soluble pectins but Maehyang had
more CDTA soluble pectins. CO:2 treatment seemed to reduce the increase of
water soluble pectins in senescent fruit. CDTA pectins seemed to be increased
by CO: treatment. Thus, the composition of pectins was affected by COq
treatment, resulting in the firmness increase in part. Wall hydrolases, [i
—-galactosidase, activity was reduced by CO: treatment. This probably indicated
that postharvest treatment of CO: seemed to be associated with fruit firmness
through decreasing wall hydrolase activity and pectin changes in part. However,
there was no clear evidence of structural changes of soluble pectins regardless

of pectin species.

4) Changes of micro—environment in apoplast of fruit by CO; treatment

The CO: content of inside fruit significantly increased by CO: treatment but

O: level did not affected. No detectable ethylene was found in both treatments.

The pH of intercellular space increased along with the increase of maturity.

,16,



Even no statistical difference was found, there was a tendency of intercellular
pH increase by CO: treatment. Calcium content bound to AIS was also slightly

increased by CO: treatment.

3. Postharvest application of CO2 at commercial level.

Postharvest application of CO: is recommended to fruit for long term
transport such as export. In domestic market, CO: treatment is not
recommended except when it was necessary to store fruit for 3-4 days to meet

the high market demand.

4. Identification of strawberry cultivars through molecular marker

Many strawberry cultivars of Korea have mixed, often unknown, genetic
pedigrees. A study has been conducted to seek for molecular markers to
distinguish 10 leading cultivars of Korea and Japan that have been dominated
in markets for the last 10 years. This study should help breeders to chase the
pedigree of characters or varieties. To find out molecular markers to detect
differences in genetic make-ups of 10 varieties, total 179 primers of 10
nucleotides were examined from polymorphic DNA products under a certain
PCR condition with DNA extracted from petals or leaves. Five primers were
selected to reveal polymorphic DNA products among 10 varieties, “Toyonoka’,
‘Red Pearl’, ‘Akihime’, ‘Tochiotome’, ‘Sachinoka’, ‘Nohyo', ‘Askabara’, ‘Suhong’.
From this study, we examined and established a set of 5 primers, RAPD-PCR
condition, and DNA extraction method for the generation of highly reproducible
PCR products. Since these conditions can molecularly identify relatively related
10 varieties that have been cultivated in Korea and Japan, our data should be
informative to identify other strawberry varieties of different geographic and

genetic origin.
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IV. Suggestions

1. Expansion of ‘Maehyang’ cultivation

This study revealed a strong potential of ‘Maehyang’ for commercial
cultivation. It is expected that the cultivation plan of ‘Maehyang’ in 2006 is
already occupied approximately 9% of total strawberry cultivation area. It is
also confirmed that ‘Maechyang’ has a potential to export to Japan as well as
other Asian countries. To establish the stable production system of ‘Maehyang’
strawberry, it is also required to release the improved cultural practice to

farmers and related personnels.
2. Postharvest system for strawberry industry.

The importance of postharvest procedures such as cooling, CO: treatment,
and establishment of cold chains was confirmed to farmers and managers of
packing houses. This will contribute to the increase of market quality of fresh
strawberries. Especially, CO: treatment is necessary to keep freshness of fruit
for export. Also, manuals for postharvest treatment is required to apply

standard procedures.

,18,
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S

Fig. 1. Development stage of strawberry flower bud (0, non-flower bud; 1,
flower bud initiation, 2, flower bud differentiation; 3, flower cluster
differentiation; 4, sepal formation; 5, stamen formation, 6, pistil formation; 7,

lateral flower bud differentiation).
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Fig. 2. This picture represent fusarium wilt disease index scale (0-5) on
strawberry plants. 0 = no symptom (A), 1 = 1-2 leaf rolled and
vellowed leaf (B), 2 = all leaf rolled and deformed leaf (C), 3 =
chlorosis and wilting (D), 4 = wilting (E), 5 = death (F).

gl

5. 2@ Auiel wE FAd v

D7) RE 39 = AAste] HEoA 79U TESHE HAAS R, 254
Al 8¢9 5UNH 2087 Ad A (oFgk 13+1T, F7F 42)= 194 3§
o3t E Fmdte] 8¢ 30 AASHLE FAAME A A ol HHHE
o] Al dEjslol A slopiatE= AIHS 9Y 159 AA S AT Aule duk A )
o Fadth BeL ofzbemrt 10THE 108 2090 AA s A F =
T = T3 25T, oFgk 5-6TC R oA Hednt vE4 Awie 109 59 A4
a9lal, Feol Bl ERE AV A2S ARAAT B A7 119 2599

A, 2= et Auls FAAAMel Fekl. 7 A viF FE7]d
g h

o]
248, ANADE Madge A4 soliats f715kel 98 19 P45
] 3

3, 447 e A4A71E 99 199 109 Ao 99 094K A8

,32,



iy

o

AN
M

B

——
o

N

ato]

]

50] 4 ~6mmm] gt 40]

13z, 10g°]

)

=

=
st = 99 = ol ddl A4

HFd AT HI1E ~129),

2715 F11€ ~29), AATHALIYE ~49)22 o] ZA}
=)

fLE

15, 18, 2lcm®e] 37HA =

R 57l

b5 dolr iz 9/1, 9/10, 9/20, 9/304 9] 4

Fo] 20cm 7t2 o=

5|

shol A sho}

S

G Awel
g

o

==

;o

A ~5mmW| 7k 3] A ~4mmWy] vk
D AA

AT
2ol Msk g Fkl mAE o

)

2 %

R

fu

B

[¢)

B
file)
T

o

0

-
g
M_o|

O

X

=]
RN

A AlZIER G

=K

0

+

o

Nfo
Hi

o)

fife)

—_
o

]

F71 Al
IS A Ao £t A

0

=

Pk B2 109 20978 ot 1

o

=

=3

73 A uf

=
=

ack =

l

H

A

i

Sk &2

Eis

25C, okzF 8CE A

AAFEH dEE 90%2

o Al%e

wK

~
N
WE

b o,

9

g

=

Fed S

[

A+

=

=

ol &35t L, d== 4= (g/MOmm)

=

EAE

il

£ 70%°1A H&7tA] SHAE viro] 3

45

&'Jx

2}

5 AT

°

|

,33,

EADN

FATH =AM 7= 49 2099

°

3

=
=



e Wit} 2kgd RS AFHdte] BHow Tk 2AMAIE 49 15-30Y
Aolell Al et T

4
N
2
Ac)
rlr
ofl
H

g
o
b
o|\
™
1:91[
A=
il
ne

gL 71 s8] AASa 29z AAEE
O 1z @ & =o|7] 98 ekAl- 2= NaCl 10mM, 5mM, Z~#|H]e} 1000ppm
S AFEEY T, AEE Zoly] Y3 WO E potassium silicate solution(K>SiOs)

7
500ppm, H4H(SH A, N-P-K-Mg-Ca, 10-2-1-15) 1000ppm¥} 7]E4F 200ppm

O 2dzF : 1dAe A 237 A& KiSiO; 500ppm, &2 (Wuxal) 1,000ppmel] Ag
S5ppm, B AA (A EFH4Y; N-P-K, 26-0-9.2) 1,000ppm, Amino cal 500ppm
TS F7F AYetdrh FAMYEH S 15 (HAoR 43 QUAE AHEsta Ay
£ A5 AgATlE skl 2

T
27} wobA 3 Fdol velA: 4R 5UA o 24U AAlske

Adg A ol gate] 35%, 55%, 75% 3FE 2R 2% k-2 9Tl 55
gom Az A7lE sheade] 27 wokAs 49 1R AASIT AR
28)el AA &9 Ul 2EE SASA, AFAE 204 TR E5E

,34,



A3d A3 H 2

L oohg EE Ae - Qs 54 7

N
L
£
oft
o
o

o

e 54

Aol A =)o Floli sy 99 209 HAFR A Jo] wrel 4~69 HE9
2ol 7b Ark =AARE FAoR A olA] FAME slolistrE FEO wet
1-2¢ XéEﬂ zpolgkol ATHE 1). ‘o713 ul’'s 9¢ 20¥ = 7 wgka ‘ufgy
2 99 21, WY A A w7V E ol s R 298 % = Stolid syt o] F
ofFth. 1y Fhole] Ko Qlojx e FFATE AA e

2

Table 1. Flower bud differentiation date of ‘Maehyang’, ‘Akihime’, ‘Red Pear!’

and ‘Sachinoka' strawberry in Nonsan region.

Cultivars Flower bud differentiated date

Maehyang Sep. 21

Akihime Sep. 20

Red Pearl Sep. 22

Sachinoka Sep. 22
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Maehyang Red Pearl Akihime

Fig. 4. Root formation of runner plants after 10 days of cutting in 3 strawberry cultivars.

Table 2. Comparison of rooting ability of runner plants after 30 days of cutting

among 3 strawberry cultivars.

Rooting ability

Cultivars Root length No. of root Shoot fr.wt. Root fr. wt.
(cm) (No./plant) (g/plant) (g/plant)
Maehyang 16.3b” 10.5a 9.7a 3.9b
Akihime 20.4a 6.8b 8.0a 4.0b
Red Pearl 18.0a 5.8b 6.0b 4.8a
‘DMRT 5%

e %
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Fig. 5. Comparison of growth rate of runners among 3 strawberry cultivars.
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Fig. 6. Comparison of runners production among 3 strawberry cultivars.



0

N

-
o

A WE AFEAL mol: ATk AL W Fuaeel Auzdd vFel % u <

Petiole length(cm)

Petiole length(cm

Fig. 7. Growth
and 'Akihime’

before planting.

19 Ao o pusn Qugow e o FE) ALaTw

e

0% vlFe] B u) opsrnrt AFFHo] SUSBE ‘ol v
100~150417ke] W1 melm, 200413k oltle] A eAe % Fueks)
2 o ALY 7. 003 AT AR FUEws ool

13

1l

Y o] Hold g glorw g At AztE
25
20
Maehyang
15
—O—0 hour
o —13—50 hour
10 —4A— 100 hour
—8— 200 hour
—— 400 hour
5
40 50 60 70 80 90
25
20
Akihime
15
—O— 0 hour
—&— 50 hour
10 —2— 100 hour
—e— 200 hour
—— 400 hour
5
40 50 60 70 80 90

Days after planting

of petiole length influenced by chilling treatment in ‘Maehyang’

strawberry. Runners were stored in sealed plastic bag at 4T
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Table 3. Degree of diseases and pests incidence between major strawberry

cultivars.
Diseases Pests
Cultivars Powde Two-spotted
reery Anthracnose Aphids ) Spotte

mildew spider mite
Maehyang +* o+t +++ ++
Nyoho +++ +++ ++ +
Red Pearl + ++ + +
Akihime +4+++ +4++ + ++

“Incidence level : + ; slight, ++ ; moderate, +++ ; severe, ++++ ; very

severe.
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Table 4. Severity of major diseases in 3 strawberry cultivars by artificial

inoculation.
) Disease severity(%)
Cultivars
Anthracnose Gray mold Fusarium wilt
Maehyang 2.54+0.61 35.4%4.5 1.1
Akihime 2.81+0.49 24.5%2.8 29
Red Pearl 2.21+0.37 27.1%1.3 0.8
DR
WEFE 7|y A Eo] e FFol vl A2 HAom dEA Uk 1Yy &
1

som 71gust gol wAEe] the FERT okt e s Baw s go
2 B olzle] BrtelAl AgAS FEN a2 FHFo] WFelAE FH
d9lo] | & gk 7

Table 5. Effect of minimum night temperature on occurrence of malformed fruit

from December to February among 3 strawberry cultivars in forcing culture.

Malformed fruit (%)

Cultivars First cluster (Dec.) Second cluster (Feb.)
6~7T) -1~27T

Maehyang 2.5 35

Akihime 9.0 25

Red Pearl 55 22
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Table 6. Yield of strawberry cultivar ‘Maechyang’ influenced by runner plant
with  different crown diameter in forcing culture. Runner plant were planted

after flower bud initiation by artificial treatment.

Yield
Crown Nov.-Dec. Nov.—- Feb. Nov. - Apr.
diameter
Average Average Average
( ) . Marketable Total . Marketable Total ) Marketable Total
mm fruit fruit Tuit
(kg/10a) (kg/10a) (kg/10a) (kg/10a) (kg/10a) (kg/10a)
wt.(g) wt.(g) wt.(g)

5~6 122b” 513a  59%a 13.1a  82a 975a 124c 2492a 3,342a
4~5 122b  446b  526a 133a  704b  815b 12.8b 2,610a 3,349a

3~4 136a  429b  498a 1372 697b  808b 13.2a 2,391a 3,184a

‘DMRT 5% level

Table 7. Yield of strawberry ‘Maehyang’ influenced by planting distance in
forcing culture. Runner plants were planted after flower bud initiation by

artificial treatment.

Yield
Planting Nov.-Dec. Nov.— Feb. Nov. - Apr.
Space  Average. Average Average
(cm) fruit Marketable Total fruit Marketle  Total t Marketable Total
Tui Tui Tui
cn (kg/10a)  (kg/10a) (ke/10a)  (kg/10a) (ke/10a)  (kg/10a)
wt.(g) wt.(g) wt.(g)

15 12.0a” 547a  662a 11.5b 1,289a 1,602a 11.9a 3,062a 4,088a
18 121a 3495  430b 128a 1,240a 1464b 125a 2567b 3,258b

21 129a  424b  482b 13.0a 1,379a 1590a 125a 2474b 3,126b

‘DMRT 5% level
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Table 8. Yield of strawberry ‘Maechyang’ influenced by planting date in forcing

culture.
Yield
Planting Nov.-Dec. Nov.- Feb. Nov. — Apr.
A A A
date Ver.age Marketable Total Ver?ge Marketable Total Ver.age Marketable Total
it 10 G100 U G0 (10 T 10w (ke/l00)
a a a a a a
wti@ ° & wti@ F & wtig o &

Sep. 1 1838 193 193 153a" 1,33la 1,496a 13.3b 2,558a 3,405a
Sep. 10 21.0 36 86 165a 1,269a 1,402a 14.3a 2,614a 3,284a
Sep. 20 - - - 16.6a 857b  978b 14.6a 2,122b 2,584b
Sep. 30 - - - 15.9a 570c 666c 14.3a 1,733c 2,218b

"DMRT 5% level
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Table 9. Growth characteristics of 3 strawberry cultivars in forcing culture.

) Flowering date of No. of
) Plant height lust Harvest Length of .
Cultivars cluster date cluster(cm) flower's of
(cm) 1st ond 1st cluster
Maehyang 34.4 11. 14 12. 24 Dec. 28 434 109
Akihime 30.8 11. 20 1. 6 Jan. 9 43.3 145
Red Pearl 30.0 12. 22 2.7 Jan. 23 40.5 125

Table 10. Comparison of yield among 3 strawberry cultivars in forcing culture.

' Aszrage No. of fruit Yield per plant Ratio of ’ Yield
Cultivars fruit wt.  per plant (a/plant) marketable fruit (ka/10)
(g  (No/plant) &P (%) £
Maehyang 164 a 320 a 525.0 ab 9.1 a 4774 a°
Akihime 168 a 335 a 566.0 a 90.1 ab 5146 a
Red Pearl 16.7 a 287 b 4769 b 924 b 4335 b

2 DMRT 5% level
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Table 11. Comparison of soluble solids and acidity in fruits of 3 strawberry

cultivars at different harvest date.

Jan. Feb. Mar. Apr.

Cultivars Soluble  Acidity Soluble Acidity Soluble Acidity Soluble Acidity

solid(%) (%)  solid(%) (%)  solid(%) (%)  solid(%) (%)

Maehyang 11.2+0.68° 0.96+0.13 11.7+0.83 0.86+0.04 10.4+0.54 0.76+0.05 11.2+0.71 1.25+0.04
Akihime 115050 0.880.06 12.3+0.67 0.80£0.05 10.2+0.65 0.75£0.04 9.9+0.65 0.83%0.05

Red Pearl 10.7+0.66 1.02+0.10 11.0+0.81 0.86+0.08 9.9+0.75 0.94+0.03 11.2+0.80 1.21+0.08

"Mean+SD

,4’77
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Fig 9. Comparison of sugar/acid ratio in fruits of 3 strawberry cultivars at
different harvest date.
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Table 12. Comparison of firmness in fruit of 3 strawberry cultivars at different

harvest date.

. Firmness(g/5mm)
Cultivar
Jan. Feb. Mar. Apr.
Maehyang 228.0+5.43" 210.8+ 7.29 207.2+5.50 204.9+6.52
Akihime 197.2+5.63 175.2+ 6.69 167.0£7.21 117.3+6.23
Red Pearl 225.6+4.83 203.2+10.55 200.0£6.89 176.9+7.84
“Mean+SD

,48,



O~
T

AR 7]

=
=

o]

73 Al 7}

%

A g
15cm,

=

=

]

Ris
L

.

o

=
=1

o}
13, A4 A

A717F #a,
°

=13
5

AuY Y %
1A
A

g 4

°©

2

I~
=
& el

ok

=

1
.

‘o] A 7]

t‘g:

4 A= 99 109 9]

AUH

7 HelA

]
S

oW T o) O™ M o W E TR T OH N D o M R
o TS ™ 4 Mool N ™= T N do 1 3K T ® 4
o R e o B Y oY o SRR
Mo = W o~ w® . ° w B S
) N —_ — W;.D R— i Of T l — ~ TO0 TO
= \mwﬁ 2 = 1 _ i fanl . W% N l X X
N w o T =M M R I M
N o = W T B3 = ~ d o X
2 mrEc BT e ®F TEEE 4% 8
TR T2TE: Szefea e Tl
Il o A= T ,Wl e o ‘.W = o dro o o T D
A 4+ T 0 o %Wri% %qu T = oo
! — o e~ NB ™ O o] il N s 0
®wE 2 T RO S O o
T Yoo Fom ) B i R
O -G - JoT B oo o o B
X w = = 1 % i S R e -~ W) T
) &) = m o P T o B N o o R AF & ooy oS
o 5 T w TR LR e 4B Sy w0 S
oo M ﬂ %o ) mﬁ 20 T m ~ T T = =] o - cﬂ nwv
%%W ﬂ%%mo m%iﬂww ] uﬂuv%
oy ﬂr > T o 0] o XU A . o K T W o o
o o N e g O U S Sy > - w 3
ﬂﬂﬁ%z%%mﬂwrﬁ%,ﬂawﬂ%% mw_%omm M:w
~ = e 7N o " = = T -2
T TEImELoaT iR bgeL wEl
< HOE oo — @ o MR T el T
iy mw T osE KR W W2 E oy w.m o R I = W
PR e b o M oo ow w1 N il
& o ol B oM g = oy oy — h )
oo = Mo o W N LS — ~ Mg T —
ot ol o ol ~ ™ M o= ~ ©° T J ~— < 0 o of-
o N K R B A X ~
H oy ol "oy R ~ N ooy B T E T R _Mo T oo < N
ﬂrﬁp&@ﬂrﬂﬂuileﬁi%&a«% Hin %Mﬁm T T o
s W RO B _ N o)
ST T Ao H o ~ T N
o2 W2 R T e 2 @ & ~
T oo o X R 4 o S % XN B oEr Wy H N R
~ M M 7o O A AR N o A
0 =0 ! o > IS
Top e SN e RN oo 8w T
Ml Ty e oo W op oo R il L D 2w 8%
T N — = S S (A CE e 2 o 2
of — — = — SO UL M2 = o = o &R
= o B = 2L o B ol 3 o
K H = o xX OW = ﬂNo AT| e ,Nro Lo o= OT
oW W oT B oot g Z M oo N F M
WL FoAd FTFEMYT A o e 07 F ow

,49,



=S fAGre A wg fEfsitian ddEThad 1. Ak FrtelA
wd azle HEEHG W] & A4S We A sR7F @l i
Zlo] 25 7] Wil Ao dhEe)

TEHNAYE FAES vusird 3Y AARA = e WUEEY A= =
Ank 39 o] FRE Y=o nlate] FrmA et AatA vebukt %ﬂoﬂﬁ &
Ao wjd FEe] BrbestRE 34U AR F&S A e AAC vF
o & uf ‘mjagFe FEAIIL ZoAFE HER R FEAsE AshAl ek
I o RE FENALE FHA AF FEEoF HE AL nFdrHEE 13). FEHA7
7t ZoldFE U9 ARE fAste dEd R 1~29d A o] Has)
oo ER S Aiets dREe] st E ke BEoR dd 3 5 9l
= Fol A= Qo] BHE F92d 34U EE 45 HAoR F£3S sta gl
oh ‘oj e &7 ) whel o] AlA~ElS AHEstH FEAs7E Asta oo wE zr
Aoz el 3 . g ‘mjapnte] $=83hAL2 2~3

16 1
14 t
RPN
&L
»
e,
S 10 r
n
—O— Maehyang
8r —1— Redpearl
—/— Akihime
6
70 80 90 100 Over coloring

Coloring level

Fig. 10. Changes in soluble solid of 3 strawberry cultivars by coloring level.

,50,



300

250
=
=
< 200 f
~ 186
2]
2]
2 150 |
§ —O— Maehyang > 128
23

100 F —1— Redpearl 102

—— Akihime
50
70 80 0 100 Over coloring

Coloring level

Fig. 11. Changes in firmness of 3 strawberry cultivars by coloring level.

Table 13. Changes in firmness of strawberry ’'Maehyang and 'Redpearl’

influenced by harvest interval.

Firmness with different harvest interval

Cultivars (g/®5mm)

2 day 3 day 4 day 5 day 6 day
Maehyang 219.8 181.2 156.2 135.7 114.2
Red Pearl 190.8 1776 168.2 158.0 130.0
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Table 14. Effect of various materials on soluble solid, acdity and  firmness in

strawberry ‘Maehyang’.

Materials Soluble solid Acidity A/B Firmness
(%, A) (%, B) (g/M5mm)
Stebia 1000ppm 8.8 ab 1.08 a 82 ¢ 184.8 b*
NaCl 5ml 81c 0.95 bed 8.5 hc 186.0 b
NaCl 10ml 82 ¢ 1.00 abc 82 ¢ 1834 b
K-Si02 500ppm 89 a 0.86 d 10.1 a 209.6 ab
Kitosan 200ppm 8.7 ab 1.01 abc 8.6 bc 205.8 ab
Wuxal 1000ppm 8.7 ab 1.03 ab 8.6 bc 2224 a
Control 8.4 bc 092 cd 9.1 ab 207.4 ab

DMRT 5% level
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Table 15. Effect of various materials treatment on soluble solid and firmness in

fruit of strawberry cultivars.

Maehyang Akihime Red Pearl
Materials Soluble  Firmness  Soluble  Firmness  Soluble  Firmness
solid(%)  (g/Mbmm)  solid(%)  (g/tbmm)  solid(%6)  (g/tHmm)
May 10

KsSi0» 500ppm 9.0+0.68" 20202975 9.31+060 1475+827 88+1.14 151.3+2391
Wuxal 1000ppm 87+0.8 2080+26.73 864063 149.8+12.15 88+0.46 196.7+31.69
Ag 5ppm 774024 18284883 85+056 156.0+9.09 9.2+052 1685+14.25
Brix up 1000ppm 88045 205.0+20.38 88+019 1311195 91+161 150.0+25.18
Amino cal 500ppm 87+1.06 194.0+1813 93+015 15004298 10.1+057 172.0+819
Control 88+0.81 19%.0+27.11 7.8+083 1183+670 88+0.33 142.0+25.56
May 20
KsSi0e 500ppm 10.3£093 1933+23.22 994162 1328+2397 109+0.71 151.8+25.39
Wuxal 1000ppm 994054 203.0+30.16 944093 150.8+1832 89054 195.0+21.11
Ag 5ppm 974120 192042563 88+099 120.8+22.71 99+1.11 139.0+33.46
Brix up 1000ppm  105+090 2133+359 10.0+099 131.8+3.77 10.1+#1.16 157.3+34.31

Amino cal 500ppm 11.0+1.20 20452701 89+148 141.0£1751 89+1.27 144.5+36.83
Control 10.1+076  191.8+806 95+1.19 127.3+1834 1044093 1485+24.21

"MeantSD
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Table 16. Effect of shading ratio on the light intensity and temperature in

plastic house for strawberry culture.

Shading ratio  Intensity of illumination (Lux) Temperature (C)
(%) Apr. 15 May 15 Apr. 15 May 15
0 24,150 48,900 28.4 31.0
35 12,090 25,470 27.6 29.9
95 10,180 24,400 26.6 29.4
) 8,355 7,190 259 28.7
Cont. 71,900 33,300 - -
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Table 17. Effect of shading on growth characteristics in strawberry cultivar

‘Maehyang’ “.
Length of Le f  Leaf Leaf
Shading  Plant ROy Lenathol ke Leaf length/
] . flower Peduncle width  length )
ratio(%6) height(cm) number Leaf width
cluster(cm) (cm) (cm) (cm)
0 31.0p" 285b 20.5a 21.4b 80b 12.1a 15
3H 37.3a 34.3a 19.0a 26.1a 79b 12.6a 1.6
55 40.5a 385a 21.0a 24.3a 94a 10.9b 1.2
) 40.8a 39.5a 18.8a 23.3a 7.3b 11.6b 1.6

“Growth characteristics were examined at 20 days after shading treatment.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 18. Effect of shading on fresh and dry weight, and chlorophyll content in

strawberry cultivar ‘Maehyang’”.

Shading Fresh weight(g/plant)  Dry weight(g/plant) C}(I;);OA%?H

ratio®o gt Root Shoot Root Fui 0 leat
0 34.06 15.0b 185b 3.8b 34.3a 43.0a
35 94.5a 18.0a 24.8a 5.0a 34.5a 46.0a
55 P.8a 175a 21.5a 45a 39.0a 44.6a
I} 66.3c 15.5b 12.8¢ 3.3b 33.6a 45.0a

“Growth responses were examined at 20 days after shading treatment.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Table 19. Effect of shading on color development and quality of fruit in

strawberry cultivar ‘Maehyang’ ”.

Shading Fruit color Firmness  Soluble Acidity
ratio(%6) L a b (g/Hmm)  solid(%) (%)
0 711717 712429 37.1£87 19444408 9.2+12 0.8+0.0
35 76,7192 70570  358+121 1833+496 6.3+4.8 0.6+0.0
55 72626  T72.2+21 315%52  1659+17.3 81+0.7 0.6+0.1
75 7889  67.0+47  344£116  166.7+572 7806 0.8+0.1

"Fruits were examined at 20 days after shading treatment.

"Mean+SD
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Fig. 12. Comparison of skin color of strawberry cultivar ‘Maehyang’ at

various shading condition.
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Table 20. Comparison of soluble solid at different harvest season in strawberry

Maehyang’ influenced by shading ratio.

3

cultivar

Investigation day

Shading ratio (%)

May 5 May 20

Soluble solid(%)

Apr. 20

8.4£0.45 11.2+0.85

8.1+0.22°

9.7+0.57

8.4+0.41

8.4+0.29

35

8.3+0.31 9.4%1.01

7.5+0.36

95

7.9+0.56 8.9+0.57

6.8+0.46

75

"Mean+SD
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M3 E7|e] CO, Melo wE dx It ge

Ad A A

Brl= dd 24 54 §4o] e A wlgte] fatur g F f5 3
AolM EoA £45 f4A Toy webq s A2 g2 7t FejE Ay
FAol otgtH = 97t stk &% B AAEE FAATT] A% wete
2 8 2 Ca®l AXE(Cheour &, 1990) Fol &#AQ o= waA Qe
G Ad Y ol FFF HVE S TR CO0l =FAE AS FAd F
< A B okl Ao AES Eole FAUF e Aew ov] &¥A

%0
2 o> 8o

(Harker 5, 2000; Hwang &, 1999; Smith %, 1992). 3% %2 CO; & <l
Aob oitstetaE FAlM xHIE AN FI A=
(Chingying &, 1989; Ke &, 1991) A4t4 A4S A= T3
Aoz RuxcHLarsen 5, 1995).

e T olitseAaE A B A SIS tEo YT A
7F FubE = ol WSy Ax Sk AF AR #Eo] A=
3ttt Harker %(2000)2 CO; A&7} apoplast®] pHE ETolw b o] 4+d
A7 &3 oY (Agar 5, 1997; Holerof %, 1999) Li®t Kader(1989)&= Al% o
g 3ol glvkal sklar Gil 5(1997) #A WFx2 o AbgheEe ghashA Rt
olFzAd A= M7 flvkal gk 2 9ol CO; A2l 279 vitamin C&
2A 7] i (Agar 5, 1997), A ZA 9] ethyl acetate, ethanole =7FA17]19 (Ke
, 1994; Larsen?} Watkins, 1995), #4°] A3} anthocyanin®] W3l %= F &S
T ow dHATHGI &, 1997). AT-Atel] wE Aolgh ¥k FF o] Aol
71018t S 7hsAdel Atk LFEES CO, Ao wE "7 H4de wge HAE
ol wel Zolzh glon 1eidk Ylel sty HERE AldE Zrolry] 4]
A gtk 53] @7 249 Arrt Frkeke delel tigk Al A xlad
vh glow gk BrlE AR & W AxVF SUkete @A4e] Bad uk dnt

Re)

ot myl
k
c

&
s
b
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(Nunes, 1995). # 2ol Ao A Harker 5(2000)2 CO. A 8]7F Al¥x¥ pHE
Sl HRS JAAANFHoZAN AEE T7HAE 7t S AAEAT 218y 1

w Ad2 s 97l g oitstEa AUt AR S £ AAEE
Eoludl B Aow WA glo] fEuetelA wWol Auisa = FTE
ez AAAZE, F5E AEEd COop A we d=sy wge dvn
of&y FHol td JFS HESFuA AT

L AsA71d F3d 34d 542 8 COy Aeuts vl

7h A s

B AR 3 wmaAlel AAg sUtEREH 198E 49704 DY PR o R vy
&, mALEH e ‘ol v’ FFo] "IVE FEstH Ao o] &3sith
Wl He ol mwe] AAgeg gekow warsted 242} 70, 80, 90, 100%
Moz it 71 Aol o] &3 WrE =G A Auje w5 7 5
a1 7lo] F]lste] o] &8kt Pilot A2 =AME/IAIE G Q1 A s 7t
A FErbst B71E5 ]lske] A skt
o W7t 9 COA g

T 915 APAR FES e BHS AHete] By &gl SetoR
#EE Aro e A9sta YA E FA 0£05C A Fwjo] o] Wyzh
At B F2o] 5Colatz "oHs W 15%9 COE 4412+ AHelstgden CO,
FTEE gas mixers ©]-&3te] AT oibstE A A E vhxl A A4
oA A FAow 12A43F Fol AW WS FA FAL ZAbsta Yz B S
2H2E HAle gl PVCHo R xFstal 10T 297 ==3 v #4845 =
AL T}
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A2 A (CR-200, Minolta, Japan)S ©°]&3te] L, a, b#e T3 v o=
Chroma value, Hue angle valueg At&3etdth A =Eef 23 ME o]z Mdkst
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Column : Shimadzu, shim-pack CLC-ODS (M)
Detector : UV 214nm

Flow rate : 0.7ml/min

Column temperature : 80T

Sample injection volume : 2040
Mobile phase : 18mmol KHzPO4 pH 2.25

- fred B4 x4
Column : Nucelogel® Sugar Ca 300x6.5 mm
Detector : RI detector
Flow rate : 0.5mL/min
Column temperature : 80C
Sample injection volume : 20x0

Mobile phase : water deionized (HPLCH")

PN
T

o] "ty S 437 Hste] WEx3E 3gS 5% HPOs; 20mLel ¥
YA E2(15,000rpm, 30min, 4C)ste] A AES Hslu HFAANLE =5 &

&
&
W) 7}A] ice bath’oll At} HEP C ZAE NDPHE S o] €3] 570nmel A

L5 Attt BFEE R T ascorbic acidE 7]+sko] vl LS

it

d
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}' b T
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o
ofd
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3 -3k Wl

WF I Cot7lEW] FES T dE A 28a COAE F2 urol 29
o] | FeA WItE AbetdTh A Fom HWto® o] AU Az
& Z1# contact microscopy(Miro Hi-vision, HR-303)2 A d3t 1 E3+= 1%
gluaraldehyde (50mM phosphate buffer, pH 6.0)2 133 U} o2 Ag=
PAAZ7E o] &dte] BFA7]aL FAAAAN F o2 #E6tS)
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vl AIS A ZF, pectin 3% 2 24

AT BEY RS FEH/ SAstel e FAF ANG 0 A ARE
Astgom AAL ARE ZA 20T oz WHate] RAT WA nusHd
o dEReA ARe WEAR 50gel 80% TS shete] W@ Thg i

%

3
& miraclothZ A& t& 3502 80% ol&2 500mL, 80% o}AlE 500mL,
100% ofAl= 1L&E M AHste] &3id Aids AAS o3 30ColA dx=AZHT.
Z3 AISw AR vs dAAlelHol o] Aol 4 wj7bA] Baeith
ZHE 42 Ahmed$t Labavitch(1980a)¢] #el we} ZAFSF Al uronic acid
+ Blumenkrantz®} AsboeHanson(1973)¢] ol ejsto] n]A A st H&l
T A RTEEHEE F9 galacturonic acidg ol&std o FAGE A=
phenol-sulfuric acid} 22 ZAstth. &84 AWl FE5S 9ste] AIS 30mgel
ST 20mLe Ea 24X 7F Aol & vty dAlEg st Aol 30mLe] DI water
= Jlete] ofEle] g4 HeElog Attt W2 FAl= DI water 100mLE 7}
o] ol ZHAL= 50mM Na-acetate(pH6.5, 50mM CDTA *¥3h) 30mLol %7
12A17F Ao thg dAlEegdte] A S F8ka Abel 4718 buffer 30mL
= 7Fste] 641 FEeke] AAlREsta A AE ol CDTA 7H8A Hdo=
stttk FHAbell &AM o= 50mM  Na-carbonate(NaxCOs)  +  20mM  Na-
borohydrate(NaBH )S 7Fske] 4Tolslol A 24X AT YA st Ao

S NaCOs 7184 Foz jhgton zhabel] 4%, 24% KOH &S &34
7hatel A7k o w FEea AANE FEEe 4% KOH 7FH&Ad Hdz
24% KOH 7H8A4 #ldo® stlvt. ZF §afdiE 2 uronic acide= dA&=3 A3 =

A

3 oz =43}

1o,
&
7
it

AEZ X~ SHEFL 20mge 10mL acetic—nitric acid(4 acetic acid : 1 nitric
acid @ 2 water)ell ¥ 303 EE EoA &AM F wrEods A4t
(15,000rpm, 20%) A NS Wz Ao F/HS 10mL 7Fste] &
2 Aol At Al A Weal hAbel 67% 4k 10mLs A
7hek & Ao A 1A1ZF W8] celluloseEs &dlA AT WESAFES 108] F4]E
o] anthrone oz T HFE& FHAHAY. A8 & 359 1mLel anthrone
test A 2F[500mg anthrone/1L sulfuric acid(72%)] 5mL #7}3te] &3t th. ¥
A2 Fe Fxol Fol 1683 7ttt v F 620nmel A FE =S A6t

of & F=E At
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Fig. 13. Comparison of fruit firmness between strawberry cultivars and

maturities. Maehyang I, II indicated fruits harvested from different locations.
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Table 21. Effect of fruit maturity at harvest depending on degree of skin color

development on the quality between strawberry cultivars.

Degree of

oy . Soluble solids Acidity Sugar/acid
Cultivar coloration . .
(°Brix) (%) ratio
(%)
70 9.07+£0.42 0.63+0.07 14.48
30 9.27+0.31 0.56+0.02 16.49
Maehyang 1
90 9.07+0.31 0.52+0.05 17.53
100 10.80+0.53 0.49+0.04 21.82
70 8.13+0.70 0.60+0.02 13.55
80 8.13+0.31 0.60+0.03 13.55
Maehyang 1I
90 8.8710.12 0.55+0.03 16.21
100 9.07+0.61 0.51+0.03 17.68
70 8.3310.42 0.60+0.02 12.83
. 30 8.27+0.23 0.60+0.03 13.67
Akihime
90 9.00+0.00 0.59+0.02 15.15
100 8.80+0.03 0.56+0.01 15.72
70 7.20+0.20 0.52+0.01 13.75
80 7.73+0.64 0.51+0.02 15.27
Red Pearl
90 8.20+0.20 0.47+0.01 17.52
100 8.83+0.29 0.49+0.04 18.05

“Fruits were harvested at same field except Maehyang I . Maehyang 1 were

harvested at different location.
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Table 22. Effect of fruit maturity at harvest depending on skin color

development on the color characteristics between strawberry cultivars.

Degree of Surface color
Cultivar coloration
(%) L Chroma Hue angle
70 38.56+2.62 45.87+2.08 29.51£2.10
80 37.59+1.55 45,4942 .08 29.06£2.00
Maehyang 1
90 36.44+2.13 44.01+2.85 25.831£2.62
100 35.22+2.97 42.26+3.48 22.82£1.76
70 42.69+2.94 46.16+2.63 35.91+4.88
80 39.36+1.67 45.44+2 38 32.34+3.50
Maehyang II
90 40.73+2.41 46.55+3.17 32.89+2.74
100 36.40+1.77 42.95+4 .88 26.16£2.15
70 42.08+2.68 47.40+2.13 37.66+4.12
o 80 39.97+4.40 4559+2.70 34.26+4.58
Akihime
90 37.22+2 .48 44.99+2.50 30.07+3.10
100 35.64+2.21 43.78+2.75 26.67+£2.62
70 40.90+3.88 44.08+2.30 39.79+4.76
80 39.82+3.37 42.17+3.13 36.09+5.51
Red Pearl
90 36.04+2.54 40.60+2.85 29.32+4.53
100 34.38+1.45 38.53+3.11 25.02£2.49
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Table 23. Effect of postharvest CO: treatment (15%) on the changes of

soluble solid between strawberry cultivars and harvest seasons.

Soluble solid (°Brix)

Cultivar €0 Harvest Exposure to
treatment season At harvest Cooling(12hr) 5
10C (2 days)
Jan. 12.13+0.31 11.20+0.40 11.73+0.31
Feb. 10.30+0.44 9.73+0.23 9.40£0.72
Untreated Mar. 8.30+0.32 8.47+0.76 8.93+0.31
Apr. 8.87+0.23 8.60£0.00 7.83£0.42
Machyang Avg. 9.90 9.50 9.47
Jan. 10.93£0.31 10.20£0.53
Feb. 10.27+0.31 10.00+0.80
15% (4 hr) Mar. - 8.67+0.40 9.67+0.12
Apr. 8.67+0.31 7.27£0.70
Avg. 9.64 9.29
Jan. 11.07+£0.42 9.02+£0.35 8.67£0.58
Feb. 9.60+0.35 10.20+0.20 9.47+0.50
Untreated Mar. 8.73+0.35 8.83+0.47 9.40+0.40
Apr. 7.53+0.42 7.60£0.69 7.53%0.12
. Avg. 9.23 8.91 8.77
Akihime Jan. 9.80+0.35 9.20+0.35
Feb. 10.30+0.89 9.07+0.70
15% (4 hr) Mar. - 9.12+0.66 9.20£0.20
Apr. 7.30£0.10 7.57+0.45
Avg. 9.13 8.76
Jan. 10.73+0.42 10.80+0.53 10.40+0.40
Feb. 11.13+0.23 10.98+0.31 10.13+0.23
Untreated Mar. 9.10+0.10 9.73+0.21 10.07£0.12
Apr. 9.07+0.12 8.93+0.29 9.17+0.38
Avg. 10.01 10.11 9.94
Red Pearl Jan. 10.13+0.12 10.20+0.20
Feb. 10.40+0.20 10.20£0.35
15% (4 hr) Mar. - 9.60+0.46 10.20£0.20
Apr. 8.93£0.70 8.50+£0.53
Avg. 9.77 9.78
Jan. 10.87+0.31 9.93+0.35 10.20£0.20
Feb. 10.00+0.00 10.53+0.31 9.47+0.61
Untreated Mar. 9.23+0.32 9.50+0.26 10.27+0.46
Apr. 9.87+0.81 11.03£1.04 10.20£0.80
Tochiotome Avg. 9.99 10.25 10.04
Jan. 10.98+0.31 10.20£0.53
Feb. 9.40£0.72 9.20£0.35
15% (4 hr) Mar. - 9.63£0.15 10.40£0.20
Apr. 10.73+0.23 9.87+1.21
Avg. 10.19 9.92
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Table 24. Effect of postharvest CO: treatment (15%) on the change of

acidity in between strawberry cultivars and harvest seasons.

Cultivar CO2 Harvest Acidity (%)
treatment season 0 12 60
Jan. 0.50+0.01 0.48+0.04 0.45+0.03
Feb. 0.60+0.03 0.60+0.05 0.54+0.02
Untreated Mar. 0.57+0.01 0.52+0.51 0.51+0.01
Apr. 0.57+0.01 0.65+0.02 0.61+0.04
Avg. 0.56 0.56 0.53
Maehyang
Jan. 0.54+0.03 0.49+0.00
Feb. B 0.47+0.05 0.58+0.01
15% (4 hr) Mar. 0.53£0.05 0.56+0.03
Apr. 0.53+0.35 0.59+0.07
Avg. 0.55 0.56
Jan. 0.34+0.04 0.43+0.03 0.42+0.01
Feb. 0.44+0.01 0.46+0.02 0.44+0.04
Untreated Mar. 0.46+0.01 0.42+0.03 0.42+0.05
Apr. 0.45+0.02 0.59+0.04 0.44+0.02
o Avg. 0.38 0.58 0.43
Akihime
Jan. 0.41+0.02 0.44+0.02
Feb. B 0.53+0.01 0.47+0.03
15% (4 hr) Mar. 0.45%0.01 0.42+0.03
Apr. 0.48+0.02 0.42+0.01
Avg. 0.47 0.44
Jan. 0.49+0.01 0.49+0.01 0.52+0.05
Feb. 0.54+0.01 0.52+0.01 0.58+0.01
Untreated Mar. 0.49+0.01 0.46+0.02 0.46+0.02
Apr. 0.63+0.01 0.61+0.01 0.72+0.01
Avg. 0.54 0.52 0.57
Red Pearl
Jan. 0.53+0.05 0.48+0.01
Feb. 0.58+0.03 0.56+0.03
15% (4 hr) Mar. - 0.45+0.02 0.56+0.09
Apr. 0.55+0.04 0.59+0.07
Avg. 0.53 0.553
Jan. 0.41+0.05 0.53+0.02 0.54+0.01
Feb. 0.43+0.06 0.55+0.05 0.50+0.02
Untreated Mar. 0.66+0.04 0.60+0.03 0.65+0.03
Apr. 0.62+0.03 0.45+0.34 0.60+0.04
Avg. 05 0.53 0.57
Tochiotome
Jan. 0.53+0.03 0.50+0.01
Feb. B 0.56+0.01 0.50+0.01
15% (4 hr) Mar. 0.63+0.05 0.62+0.03
Apr. 0.35+0.01 0.66+0.04
Avg. 0.52 0.58
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Table 25. Effect of postharvest CO: treatment (15%) on the changes of

sugar/acid ratio between strawberry cultivars and harvest seasons.

Sugar/acid ratio

. Harvest
Cultivar COs treatment
season O 12 60
Jan. 24.26 23.33 26.07
Feb. 17.17 16.22 17.41
Untreated Mar.
A 1456 16.29 1751
pr.
Avg. 1556 13.23 12.84
Maehyang
Jan. 20.24 20.82
5% 4 ) I\F/Ieb‘ 2054 17.24
() r ar. -
Apr. 16.36 17.27
Avg. 16.36 12.32
Jan. 32.56 20.98 20.64
Feb. 21.82 2217 2153
Untreated Mar.
18.98 21.02 22.38
Apr.
N Ave. 16.73 12.88 17.11
Akihime
Jan. 23.90 2091
% 4 ) I\F/[eb' 19.43 19.30
() T ar. -
Apr. 20.27 21.90
Avg. 15.21 18.02
Jan. 21.90 22.04 20.00
Freb. 10.61 21.12 17.47
Untreated Mar.
A 1857 21.15 21.89
pr.
14.40 14.64 12.74
Red Pearl Ave.
Jan. 19.11 21.25
5 ) &eb' 17.93 1821
0 T ar. -
Ao, 21.33 1821
Avg. 16.24 14.41
Jan. 2651 1874 18.89
Feb. 93.26 19.15 1894
Untreated Mar. 13.98 1583 15.80
Apr. ' ’ ’
' Ave, 15.92 2451 17.00
Tochiotome
Jan. 20.72 20.40
5% 4 o) I\F/Ieb‘ 16.79 17.46
() r ar. -
Apr. 15.29 16.77
Avg. 30.66 14.95
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Table 26. Effect of postharvest CO: treatment (15%) on the changes of fruit

firmness between strawberry cultivars and harvest seasons.

. co, Harvest Firmness(N)
Cultivar treatment season At harvest Cooling (12 hr) llgz(cpoéuidea;z)

Jan. 2.87+0.34 318050 (+108)  3.080.04 (+7.3)
Feb. 3.03+0.60 2.90+0.68 (-4.3) 3.07+0.73 (+1.3)
Untreated Mar. 2.87+0.39 2.88+0.43 (+0.4) 2.93+0.23 (+2.9)
Apr. 2.38+0.41 254:038 (+67) 2774071 (+13.4)

Machyang Avg. 2.79 2.88 2.96
Jan. 458+0.30 (+596)  542+0.99 (+88.8)
Feb. 488+0.60 (+61.0) 527114 (+73.9)
15% (4 hr)  Mar. - 338040 (+17.7)  3.42+045 (+19.1)
Apr. 2864045 (+343) 301049 (+32.4)

Avg. 3.93 4.28
Jan. 2.61+0.39 2812032 (+76)  196%0.26 (-24.9)
Feb. 2.78+0.49 2624050 (-57)  2.62+003 (-11.8)
Untreated Mar. 2.36+0.46 240+039 (+1.6)  1.89£0.40 (-19.9)
Apr. 1.771.07 154:0.25 (-129)  147+0.32 (-169)

Akihime Avg. 2.38 2.34 1.94
Jan. 2994053 (+145) 287048 (+9.96)
Feb. - 316050 (+136)  3.26+0.30 (+17.2)
15% (4 hr)  Mar. 2.28+0.48 (-3.3) 247+0.32 (+4.6)
Apr. 205026 (+158)  192+0.22 (+8.47)

Avg. 2.62 2.63
Jan. 2.82+0.39 314030 (+113)  3.11x024 (+10.2)
Feb. 2.45+0.46 257+049 (+49)  3.15:054 (+285)
Untreated Mar. 2,68+0.50 2.68+0.76 (+0) 2.85+0.44 (+6.3)
Apr. 1.96+0.34 2.16+036 (+102)  241+0.33 (+22.9)

Red Pearl Avg. 2.48 2,64 2.88
Jan. 317043 (+124)  3.34+028 (+184)
Feb. ) 4124082 (+681)  457+0.97 (+86.53)
15% (4 hr)  Mar. 354+0.64 (+32.09) 368054 (+37.31)
Apr. 260+0.37 (+37.2)  282+0.37 (+438)

Avg. 3.28 3.60
Jan. 4.06+0.48 4562042 (+123) 430049 (+5.9)
Feb. 417+0.60 4145110 (-0 4.22:062 (+12)
Untreated Mar. 3.73+0.54 4124051 (+104) 366085 (-1.8)
Apr. 2,53+0.50 253+0.66 (+0%) 271057 (+7.1)

_ Avg. 362 384 347
Tochiotome Jan. 520£046 (+280) ~ 5.83+0.46 (+44.8)
Feb. 518+098 (+242)  O27+0.73 (+26.38)
15% (4 hr)  Mar. ) 421£048 (+1287)  422+069 (+13.14)
Apr. 3.40+0.85 (+34.3) 3.35+0.30 (+32.4)

Avg. 4.50 4.68
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Fig. 14. Effect of 15% CO: treatment on the organic acid contents of
‘Maehyang’ strawberry fruits between harvest seasons [A; at harvest, B; 12hr

after cooling, C; 2 days after exposure to 10C].
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Fig. 16. Comparison of total soluble sugar contents between two strawberry
cultivars as influenced by postharvest application of CO:; (15 %) and harvest
seasons (A; ‘Maehyang’, B; ‘Akihime’), [A; at harvest, B; 12hr after cooling, C;
2 days after exposure to 10TC].

,86,



40

*) mmm Control
—= CO,
30 1
- _ vr -
EzoA
T
D 40
o
£
'
‘a
o B R NI N NI N _§ R K K B
2 4
0 (B)
=]
=
O 30
: 1]
0 T Il 73 1
e 20
) IHH
0 —a & & R : |
A B C A B C A B C A B C

Jan. Feb. Mar. Apr.

Fig. 17. Comparison of reducing sugar contents between two strawberry
cultivars as influenced by postharvest application of CO:; (15 %) and harvest
seasons (A; ‘Maehyang’, B; ‘Akihime’), [A; at harvest, B; 12hr after cooling, C;
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Fig. 18. Effect of 15% CO: treatment on the soluble sugar contents of
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after cooling, C; 2 days after exposure to 10C].
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Fig. 20. Comparison of vitamin C contents between two strawberry cultivars as
influenced by postharvest application of CO: (15%) and harvest season (A,
‘Maehyang’, B; ‘Akihime’), [A; at harvest, B; 12hr after cooling, C; 2 days after

exposure to 10TC].
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Table 27. Effect of postharvest application of CO: on the changes of alcohol

insoluble solid (AIS) in two strawberry cultivars.

Stages of AIS

Cultivar Treatment L, 4
examination (mg-g FW")

0.53+0.02
0.44+0.02
0.47+0.01
0.49+0.03

Untreated

Maehyang
0.53+0.02

0.47£0.02
0.47+0.01
0.53+0.01

CO2 15% (4 hr)

0.45£0.02
0.40£0.02
0.39+0.01

Untreated

Akihime

0.45£0.02
0.39+0.00
0.42+0.03

CO2
15% (4 hr)

OmWpp QW | 0T > OO »

"Fruit were examined at A (at harvest), B (12 hours of cooling or CO;

application), C, and D (2 to 4 days after exposure to 107C), respectively.
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Table 28. Effect of postharvest application of CO2 on the changes of pectins in

two strawberry cultivars.

. -1
. co, Stage Pectin (ug-mg AIS )
Cultivar of 4% 24%
treatment  ,qqav*  Total H:0 CDTA NaxCO3
KOH KOH
A 33266+13.23 110.33+3.76 64.59+1.32 7532346 952264 1863+1.52
B 32051#278 116.12+381 56.33+1.79 87.66+0.55 13.61+0.06 16.22+0.75
Untreated
C  324.39+12.37 109.65%1.75 53.78+1.96 92.34+2.21 14.82+1.73 13.99+1.16
D 315.00£3.68 13244+360 45.02+2.37 90.48+4.26 13.20+0.75 12.72+0.98
Maehyang
A 33266%1323 110.33+3.76 64.59+1.32 75.32+346 9.52+2.64 18.63+1.52
B 33243669 101.38+252 70.70+0.72 81.31+0.16 12.64+1.95 18.23+0.51
15%(4hr)
C  31796+1.80 104.08+1.55 68.10+0.83 94.32+0.58 14.82+2.38 14.33+0.22
D 318004523 11952+2.39 57.19+3.36 89.34+3.94 12.56+0.19 13.49+0.85
A 3065210.70 132.98+4.90 58.6145.16 69.99+4.70 9.36+0.77 1552+0.51

Untreated B 306.36£9.95 130.7746.25 65.83+3.13 77.94+1.56 9.03+2.27 13.76+2.38
C  317.31+1456 141.78+2.31 50.34£0.47 70.64+3.62 10.02+0.17 13.78+1.49

Akihime

A 30652+10.70 132.98+4.90 58.61+5.16 69.99+4.70 9.36+0.77 15.52+0.51
308.38+12.13 123.26+1.53 64.31+1.02 71.89+1.77 9.37+1.25 16.27+1.23
C 3155843039 136.62+0.99 59.25+1.05 56.48+3.10 11.60+0.73 13.24+0.26

15%(4hr)

os)

“Fruit were examined immediately after harvest (A), 12 hour cooling and/or 4
hour CO; treatment (15%) during cooling (B), exposure to 10T for 2 days (C)
and 4 days (D), respectively.
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Fig. 25. Comparison of cellulose between two strawberry cultivars as influenced

by postharvest application of COs (15%) (A; ‘Maehyang’, B; ‘Akihime’).
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Table 29. Effect of high CO: treatment on the changes of inside air in

strawberry fruits.

Ethylene
Treatment 0a(%) CO2(%) 4
(ug - ml )
Air 14.21+0.30 1.15£0.10 ND
15% COq 13.99+0.75 1.57£0.20 ND
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Fig. 27. Effect of high CO: treatment on the changes of intercellular pH in

strawberries (immature: 40-60% colored, mature: over 80% colored).
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Fig. 28. Effect of high CO: treatment on the intercelluler pH of overiped

strawberry fruit.
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Table 30. Effect of high CO:; treatment on the soluble calcium contents in

strawberry fruits.

Soluble Ca*'
Treatment Total Ca*'

H20 NaNOs HAc HCI
ug - gle.W
Untreated 135.37£6.23  82.28+1.46 - 7.21+0.86  10.05%1.00
15% COq 137.49£0.88  82.12+1.14 - 6.84+0.27  10.48+0.58
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Table 31. Effect of high CO: treatment on the wall bound calcium contents in

stawberries.
T”Tle (?f . Treatment Ca® Mg*'
examination
ug - mg 'AIS
Harvest 3.65+0.16 0.79+0.09
. Untreated 3.77+0.26 0.74+0.06
Cooling
15%6 COq 3.85+0.44 0.80+0.11
. Untreated 3.62+0.15 0.72+0.07
Ambient
1596 COq 3.94+0.19 0.86+0.01

“Cations were assayed at harvest after 12 hour exposure to ambient

temperature or cooling after high CO: application.
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Fig. 31. Effect of high CO. treatment on the changes of pectins in ‘Maehyang’
and ‘Akihime’ strawberries (Top: water soluble pectins, middle: CDTA-soluble

pectins, Low: Na2COs soluble pectins).
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Fig. 36. Effect of high CO; treatment on the gel-filtration profiles of NaxCOs
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Fig. 39. Changes of CO: concentration in cooling room after input of CO.. The

CO2 contents above 16% were calculated by the amount of input volume.
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Table 32. Effect of high CO: treatment on the firmness, soluble solids and

acidity between harvest maturity in strawberries.

Time of Harvest . . . .
o , Firmness(kg) Solids(Brix) Acid(%)
examination maturity
Optimum 0.45+0.08 38.6%0.3 0.63+0.01
Harvest .
Full ripe 0.43+0.07 9.3£0.2 0.65+0.01
Untreated
COy treatment . 0.46+0.16 8.6%0.2 0.67x0.01
(Optimum)
Optimum 0.60+0.10 8.5%0.5 0.71+0.07
After 12 hrs .
Full ripe 0.57£0.11 8.7+0.7 0.64+0.01

(Note)Data were collected in commercial field

Table 33. Effect of high CO: treatment on the quality of strawberry fruit

during simulated shipment

Time of Harvest ) o )
o, , Firmness(kg)  Solids(°Brix) Acid(%)
examination” maturity
Optimum 0.56+0.13 9.2+14 0.67+0.10
Harvest
Full ripe 0.5310.13 10.5+0.3 0.67+0.01
Optimum 0.62+0.17 9.0£0.2 0.63+0.05
CO; treatment )
Full ripe 0.64+0.07 8.4+0.3 0.65+0.00
Untreated
3T, 3 day ) 0.60+0.15 9.2+0.0 0.54+0.00
’ (Optimum)
storage Full ripe 0.67+0.03 9.5+0.4 0.64+0.06
(shipment) Over ripe 0.55+0.01 8.7+0.4 0.63+0.13

"Fruit were treated for 2 hours and stored for 3 days at 3C in a small
container similar to shipping container. Harvest maturity of fruit were
determined by coloration(Optimum: 80-85% colored, full ripe: 90% colored,

over-ripe; 100% colored)

- 117 -



34 AL B $EE AR FRADT 1, 24 AP FAE A3
e AN B SEE JWAR TR MEe T0-80% FA, 4%
80-90% 4|, $ee 9%l AW FRekel AeE vh g mY FEz

9 F Q57 ABASE gashs 4TS we] HAe] Ao FAMo A
= Aoz Ve

Table 34. Effect of high CO: treatment on the changes of strawberry fruit

quality during simulated export.

Time of Maturity Color - ness(ke)  Solids(Brix)  Acid(%6)
examination (hue angle)
Untreated
] 479439 0.54+0.03 10.3+0.2 0.77+0.03
(Optimum)
Harvest Immature  516+37  0.62+0.07 9802 067002
Optimum 40.7£2.4 0.45+0.06 10.2+0.1 0.56+0.01
Full ripe 36.6£2.6 0.44+0.03 10.1£0.0 0.53+0.02

Untreated(24h) ~ 45.8+4.2 0.58+0.07 10.1+0.1 0.89£0.05
CO; treatment  Immature A74+2.7 0.64+0.07 10.2+0.1 0.62+0.03

(24 trs) Optimum A6+28  058+008 10701 061002
Full ripe 353123 047:005 10303 053001
. Trmmature 309431 065:0.06 9401 062003
Shipment o m BA25 0614009 11408  062:002
3d
(3d ays) Full ripe 0433 049+006 100:04 053001
Trmmature U736 047+0.07 98:01 070003
Ambient .
Lo Optimum 379426 049+004 10101 065001
ay
Full ripe B5427  050:005 10302 055002
Trmmature 6736 049+005 105402 066001
Ambient )
0 d) Optimum 21442 044:003 99+01 060001
ay
Full ripe R728  043+006 10001 050002
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Table 35. Effect of high CO: treatment on the physical injury of strawberry

fruit during simulated export.

Time of Harvest Damaged”
. . Sound
ecxamination maturity Slight Medium Severe
(%)
Immature 100.0 - - -
Harvest
Optimum 100.0 - - -
Full ripe 100.0 - - -
CO, Immature 100.0 - - -
Treatment Optlmum 100.0 - - -
(12 hrs) Full ripe 100.0 - - -
Simulated Immature 99.3 0.5 - 0.2
transport Optimum 64.0 23.1 114 15
(3 days) Full ripe 26.6 19.4 37.2 168
Immature 81.8 95 8.7 -
Ambient
Optimum 36.1 85 15 39
(1 day)
Full ripe 48.7 23.6 22.3 54
Immature 484 25.3 18.2 8.1
Ambient Optimum 384 21.3 355 48
(2 days)
Full ripe 10.3 9.2 37.0 435

“Physical damage were determined by the degree of surface discoloration in the

range from slight (full market quality), medium (slight loss of market quality),

and severe (loss of market quality). Samples were randumly collected in the

packing house 2kg box per treatment. All fruit

replication.
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H 84S phenol/chloroform®} chloroform F% #FAES 7 XA 3t} DNAE
isopropanolE &ste] AHAIZ F TEE o|&3ste] &A1zt &3l¥ DNACl o+
Al CTABE H7Fste] 65°ColA el €A, phenol/chloroform, chloroform, L& i

e 2W wrEgth wela T 39 CTAB % WHE& 53 % DNA
= AEstel olE PCRel o]&staitt. CTAB €92 14M NaCl, 200mM
EDTA, 3% CTAB, 1% BME o & FA4 5 At}

gt 27104 PCRE 3t 23 714 AdAde] =& PCR cyclinge] =7
& &3 2t} 1 cycle 94°C 5 min, 35 cycles (94°C 40 sec, 48°C 2 min, 72°C 2
min), 1 cycle 72°C Tmin®¢] 7} AAAdo] & PCR o=z Az ¢lv). PCR
volumeS 25ul® 3} 3l Taq Polymerase (1 unit/reaction)® Takara3]AtellA
A3 AL AFE3FAT. MeClhe FEE 26mMe 2 TAHAASY primerd] whah
ALEEE.0mM)E AFE3SH | = 81t PCR products= 3.0% agarose gel’doll A A
& AT ¥ EtBrE A48
% 418 2% 409 2 FFY delA 39 CTAB 55
£ template® 3o 9l 71%% PCR 2702 AA|gte] 2 ZAijo|t)

a
ik s A ke whE e HojuAl 54 DNA 5o $%E A& & 7 3tk
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OPA1 OPAZ OPA3
ABCD

ABCDABC

Fig. 41. Result of RAPD analysis through DNA template extracted by the
improved method developed in this experiment
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< v Aol AFEE primero] t.
OPA1,2,3,10,B1,2,3,4,5,C1,2,3,4,5D1,2,3,4,5,H1,2,3,4,5,G1,2,3,4,5,G1,2,3,4,5,11,2,3,4,5,]1,2,
3,4,5K1,2,34,51.1,2,3,4,5M1,2,34N1,2,34,01,2,34,5P2,3,450Q1,2,34.5R1,4,551,2,4,5,6
,7,8,9,10,11,12,13,14,15,16,17,18,19,20,13,4,5,U1,2,3,4,5,V1,2,3,4,5,6,7,89,10,11,12,13,14,15
,16,18,19,20,W1,2,35,7,9,10,11,12,13,14,15,16,17,18,19,20,X1,2,3,4,5,6,7,8,9,10,X16,17,19,2
0,Y1,2,3,45,6,7,89,10, 721,2,3,4,5,6,7,89,10. (] 17871<] primer)

#£37+9] polymorphisme] YEIYE=AE &7] 93 primer screen 2G4 o2 ‘Y
=g’ ‘olxaghuleEl) ‘o Zo ‘Y=’ ‘ol A7MHlE} genomic DNAE o] &3}
PCRE AAlstt. 19 32 ‘W=, ‘opxgpnbel, ‘ol 'S 3k set®z dto 7|
genomic DNA®|A polymorphism®¢] #Z == A& A Ao dHE Ho F
Y. 29 4+ Y=g ‘ofA~7MutEl genomic DNAZE template® 3¢ PCR
E AAsle] o= primerol 4 polymorphismeo] #&EF = XS A3 Aol dF

o]

o

g DNA =993 PCR A& g7 EZ719 polymorphismS H.o
T+ primerg A@sr] YsA F 178719 primerE o] &3to] 27 &2 379 &
of RAPDE AAstslvh. & 273 o] ‘H=d'(A), ‘ob=7knt
2 (B), ‘1&(C)& o]&3ste 3709 #F tel polymorphisme] ##E 4 Q&=
primers AWstAANIEH 42) F FF, W= (A)F ol (B)E YL
2Z(2Y 43) polymorphism bandE& ##&3slo] FF 2o A3 primergs A

o e RelFa g

7] #EF< olgst

o
M
ol
o
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OPG1 OPG2 OPG3 OPG4 OPGH

OPH1 0OPHZ O©OPH3 OPH4 OPH3

Fig. 42. Mass RAPD analysis for the selection of optimum primer I.
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primers 13 W 15 J1 J2 J3 J4 J5 K1 K2 K3 K4 K5 L1
varictes ABABABABABABABABAE ABABABAEBAE

primers L2 L3 L4 L5 M1 M2 M3 M4 N1 N2 N3 N4 O1
':".i..:.i.:':'-' 4 = A 3 = 0 =

Fig. 43. Mass RAPD analysis for the selection of optimum primer II.

2. X< primers A%S 913k RAPD 23}

il
o

Z 1787019 primer = A 161719 primere] 3l Awro] Eyit} o] 3
7EA class® Y g el 270G 370 #E kel gk J) o149 DNA
polymorphism& X.°]= A, polymorphisme] §1= A, 8] PCR product’} &
A e A ToE UFAth ¥ 362 161719 primerel] & EF3 RS UERY
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3l ok olg Al AWE primers Al 2xbd =] thA] A3 Ete] oy EFF Zro| 7}

A v}k polymorphicdt DNAE AASHE primerE AWsle] X5 primer® Ab

Table 36. Classification of primers using in RAPD and PCR products.

Class Name of primer

X,A1,A10,A13,B1,B5,C1,H2,H3,H4,H5,G2,G3,G4,G5,11,12,14,]1,M2,01
Polymorphism ,02,U5,V1,V2,V6,W1, W3 W11,W16,X3,X4,X6,Y3,76,212(35)

(Primers showing multi-polymorphism )

A2,A3D4,1315,J4, K2, K4,1.1,1.2,1.3 1.4,1.5,M1,M4,N2,N3,N4,05,51,S5,
. S7,59,511,513,515,517,519,U2,V4,V7,V10,V12,V14,V15,V16,V18 V1

No Polymorphism
9,V20,W5W7,W9,W10,W13,W15 W18 W19, W20,X1,X2,X7,X14,X17,

X19,Y1,Y2,Y4,Y5,Y6, Z1, Z3, 79, Z11, 713, 717, Z18, 719, (66)

B2,B3,B4,C2,C3,C4,C5,D1,D2,D3,D5,H1,G1,J2,]3,J5,K1,K3,K5M3,N1,
03,04,52,54,56,58,510,512,514,516,518 520, T3, T4, T5,U1,U3,U4,V3,
V5,V8, VY, V11,V13,W2,W12,W14,W17,X5,X8 X9,X10,X15,X16,X20,Z
8, Z14, 715, 716 (60)

No Product

AHE primerE o] &3] 22 primerd & U EFY DNA productd] e 33

7}F. Primer OPB5E &3¢ ®7] #3F3te] polymorphism W] 3

Primer OPB5& o] &3t 10719 &7 FFolA FZ3 DNAE template®Z A}
43t PCRE A Algt . PCR product sl 1.3kb, 1.15kb, 0.85kb, 123 0.4kb
o] #A7]e] DNAE #F3F el ARSsiith (e 449 34 H). ol PCR
product bande AAGe] Eow Zt FFEIt AolE yEbHlth webA 4zt
DNA band”’} markerZ A2 4 1%t}

B5-1.3kb= ‘=Alenulel ‘= mv FFol ARt band7b WEFE .M B5-1.15kb
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= ‘olagtEkup ol Ve A 2 band7b U A 9¥EFo|= e =719 band’t
AAE AT B5-087kbE ‘=2%7VE A9 BE ZE A band’} YEFJA T
B5-0.4kb o} 718w’ ‘AlE] =7}, ‘o A~7beknl il ‘gel = band7t & A EHA

o} e 37| band7t UH A EFAE #AFE AT

=

OPJ4
2- 3 4 26 1 i 9

[

P
s o R
! -
- ——
e
T —

§
{

]
[l
*

Fig. 44. Polymorphism between strawberry cultivars using Primer OPB5.

Primer OPB5& o]&3lo] 10719 #7] EFFolA F=3 DNAE template® A}

&3t PCRE AAlstdth. PCR product ol 1.3 kb, 1.15kb, 0.87kb, ~L¥]iL

0.4kbe] =7]¢] DNAS #33F 78] ARE8tth 7 laned] #&2 1. ‘ob713]

2. =Aem’ 3 wgF 4 A A=V 5 M= 6 (EA v 7. ok ATl 8,

‘Eawgl 9. '8 10. ‘EE YERR Aol
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t}. Primer OPJ4E &3 ©7] #3729 polymorphism Y|l

Primer OPJ4& ©]&3}4 10719l ®7] E£FdA F&53 DNAE template® A&
sto] PCRE AAIsH A3 15 kb, 1.2kb, 0.85kb, 123 0.55kb9] Z7]¢ PCR
product7} F&3ke] ol & Ho] F=A (219 45¢] shaki). 2h2he] PCR product
band Atololl zt & tell ztolE uEto] 2zl DNA band’b marker® Ab-&
2 2 99t

J4-15kb ‘of7)3d’e} ‘ujaF o A7t ##E = PCR producte]th. J4-1.2kbe ‘=
ALwul, AAw=7E i ‘ogleds UEYA g DNAR dEHATH
JA-0.87kbe ‘AlA we7b e} U=l = HEEA F U A FEFolA = Ay
T bandelt}. J4-055kbi= Al A w7V, ‘W= fepxgbebuy, aE]al ‘Ee vt o
Bhupar aype] ‘o7 slwl, ‘mA e m ], MidF, ‘=X kv ‘=Tl el ‘o]
&0l gl bande]th.

i

1.3 Kb

1.2 kb
1.0 kb

0.5 kb

Fig. 45. Polymorphism between strawberry cultivars using Primer OPJ4.
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Primer OPJ4S o] &3} 10702 ©7] EFo|A FE3 DNAZ templateZ Al
3te] PCRS A&t PCR product %ol 1.5kb, 1.2kb, 0.85kb, =28 i 0.55kb
°] 2719 DNAE FF3 7o AR&adeh. 2 laned] #F& 1. ‘ob73]d’ 2
‘oMY 3 ‘wiEF 4. A=V 5 YEH 6 L= O Eu) 7. ‘ofAagEnp g

A
Lo wgl 9. ol % 10, ‘8IS vERd Aotk

t}. Primer OPV2E &3 &7] #3537+ polymorphism H] 1l

(i,

Primer OPV2E ©]&% 10719 27] %5 ¥ PCRE 270¢] bandE E3i4 ©
Fol Xtk 095kbet 0.8kb 7= FF 1He] AfeolE Hof FAWH(LH 469 34
).

V2-0.95kb+= ‘o}7] 8 M’e| A YERYA] gFom ‘=X’ ‘ol ~7leknl 1l
‘EowIPlA = FAY band® WERUH UE A CmXQm P, wl ek, "\]ﬂlr‘—ﬂ’,
e, e, 2 S E sty band®2 WERHTE V2-0.8kbE FElEHA
AQul, W=’ fopagbebny, Zgal ‘=@ wgPel A YEh YA FF ol A

HEE A e

1=

rr

1.5kE

1.2 kb
1.0 Kb

=
.
-
R
[
A
S e
e

0.5 ki

Fig. 46. Polymorphism between strawberry cultivars using Primer OPV2.
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Primer OPV2S ©]&3lo] 10719 ®7] EFdA F&3 DNAE templateZ At

&3] PCRS A A&tk PCR product %ol 095kb, Z#]al 0.8kbe] =7]¢]
DNAZ E53 7o) AFR3ath 7t laned] 52 1. o738 H’ 2. ‘=x e my)’
3. W& 4 A A=Y 5 W= 6 ‘E=ALEW 7. ‘obagtEiul 8 ‘mRawTl 9

‘9B 10, FF e e Aot

2}, Primer OPW3E &3 @7] #%F3te] polymorphism H] Xl

Ly

Primer OPW3& ©]&3 10742 27| #F ¥ PCR2 17H9] band®] <#joF
S FolA ol Fo Aoy 479 sHak:). vie- FsleAl 0.65kbel RAPD-PCR
product”} ‘o}7] 8| v’, ‘LA @ ujul’, ‘i, A E TV, ‘ol B e Eel M= By

y P

|

oy ‘A ml, fofaTbehul, 2]al ‘=R eIVl A= bandZt WA et

& A

Fig

. 47. Polymorphism between strawberry cultivars using Primer OPW3.
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Primer OPW3E& ©]&3}o] 10719 ®7] #3594 &3 DNAE templateZ A}
£3to] PCRS A O}Oﬂlﬁr PCR product <o 0.65kb=7]2] DNAE =%£7+ 74
of Ab&etitt. 2t laned] FF2 1. ‘ob/1s]ml’ 2. ‘A ey’ 3. ‘Wi EF 4. A A=
7P 5. UER 6, ‘E=XQEA 7. ‘ofagtEul 8 ‘mQwF 9. ‘o 10. ‘IS
LERA Aol

v}, Primer OPX3& &3 ¥7] #3379 polymorphism H] 1l

Primer OPX3% ©]&3% PCRoIA+= 1.7kb, 0.8kb, 0.55kb, 12]il 0.48kbe] 7]
9] PCR productoll A/l #&3te] Xfol& Ho] FA(2E 489 3hAkx).

X3-17kbi ‘ob 78] el’, W, A Aoy, AR, was, Lelw, SE oA
7 @2 PCR producto] th. X3-08kb ‘o}7] 8 v, 2] @ mul, wj g, A A
7P, d=d) ‘o], B e A RE B E itk X3-0.55kbe ‘ol 8] ||, (k=] Q]
v, ‘wjEF, ‘olazletml, ‘o Woawt A EE PCR product® B EEH AT
X3-048kbi= ‘b7 81w, Wha, AL wup, ‘opasbabul, T s, o, FF
A= st band7b WEHA Y ‘=AY, A X =7V, HER A= FI
o] band7} WERSETE

Fig. 48. Polymorphism between strawberry cultivars using Primer OPX3.
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Primer OPX3E& ©]-&3}lo] 10719 ®=7] #FolA F%3% DNAE template® A}
&3to] PCRE A Attt PCR product ool 1.7kb, 0.8kb, 0.55kb, 221l 0.48kb
o] A71e] DNAE F& - A&ttt 7} lane®] #F2 1. ‘ol73|H 2
‘=M’ 3. ‘wiEF 4 A=V 5 W=D 6. ‘LXoEw) 7. ‘of~7tEnp 8.
‘Tewgy 9. ‘98 10, ‘FES e Aot

3 AE

o] Ae] 5709l primerE %3] % 15709 PCR products’} &F£3F FEo| AL-&3}
gt} old] ¥ 412 o5 PCR product-% A4 o7 E& single &€ double band

Table 41. Classification of strawberry cultivars through RAPD analysis developed

in this research.

) Cultivars Akihime T(.)chi* Mae- |Sachi— |Red Tochio—|Askara—|Toyo—
Primer mine |hyang |noka Pearl |tome |ba noka
B5-1.3kb
[ 'B5-1.15kb
[ B5-0.87kb
[ B5-0.4kb
[ J4-15kb
[ J4-1.2kb

J4-0.85kb
[ J4-0.55kb
V2-0.95kb
V2-0.8kb
[ W3-0.65kb
[ X3-1.7kb
[ X3-0.8kb
[ X3-0.55kb
[ X3-0.48kb

Note:l_ |;No products, IIIEEM ;single product, [ I:double products.
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