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SUMMARY

Establishment of Forecasting Programs and Control of
Physiological Disorders for Premium Quality 'Niitaka' Pear

'Niitaka' pear fruit tends to show severe physiological disorders during long
period of low temperature storage and extended shelf life. In the present
experiments, we evaluate several experimental approaches related to the
prevention of physiological disorders and keeping the freshness of Korean
'Niitaka' pear for the acceleration of exportation. For this, we discussed three
categories, (1) Study of factors affecting physiological disorders during storage
and shelf life in 'Niitaka' pears, (2) Study of ethylene susceptibility and
stress—related physiological change in 'Niitaka' pears, and (3) Establishment of

Forecasting Programs for Premium Quality 'Niitaka' Pear.

We examined physiological and chemical characteristics of unripe and ripe
'Niitaka' pears (Pyrus pyrifolia ‘Nakai’) at harvest and during 4 months of cold
storage. Decrease of fruit quality factor was prominent in ripe fruit when
compared with unripe fruit and incidence of physiological disorders were

increased as low temperature storage time passes.

Fruits of colored—paperbag treated ones showed promotion of skin color
development but induced high incidence of physiological disorders including skin
contamination, skin blackening and core breakdown when we compared with roll
paper or charcoal treated roll paper which showed 40% less incidence of skin
light browning(skin sooty dapple). We also confirm the effects of pre—drying
treatments on Asian pear fruits before cold storage, incompletion of pre—drying

induced severe increase of physiological disorders regardless of used paperbags.

Comparison of fruit quality between calyx perpetual and calyx deciduous



'Niitaka' pears during storage also examined. Calyx perpetual fruit which
showed inferior appearance did not differ in quality factors but developed a
higher incidence of physiological disorder compared to calyx deciduous fruit,
showed 5 or 2.5 times higher rate of core breakdown after 3—5 months of cold

storage, respectively.

Fruit clusters of 'Niitaka' pear were sprayed at 35—40 days after full bloom
with ascorbic acid at 0.1% solution. Single spray of those chemicals increased
flesh firmness, soluble solids and external appearance at harvest time. This
treatment also effective on the prevention of the physiological disorders during 5
months of cold storage, skin blackening and core breakdown incidence decreased

to the extent of one third and half of untreated control, respectively.

Incidence of pithiness during 4 months of cold storage decreased up to 50%
with the combination treatment of calcium citrate solution spray at 40 days after
full bloom and continued bagging with charcoal— or nanosilver charcoal—treated
fruit bag. However, the influence of paperbags on this disorder were not

appeared with the absence of calcium spray.

Considerable deterioration of fruit quality was observed with customary
pre—storage fruit container coverings. Severe contamination of fruit skin and high
incidence of skin blackening and pithiness were observed in the fruit block
stored together with paperbags during 3 months of cold storage period.
Polyethylene film covering of fruit container decreased incidence of core
breakdown when compared with uncovered control, while newspaper covering

was not effective on the prevention of this disorder.

Polyethylene film(PE) covering also completely prevent fruit skin wrinkle
induced by water loss during storage period, no wrinkles were observed in the
fruit blocks of PE while newspaper and untreated control increased incidence of
this disorder to the extent of 34 and 67%, respectively. Whereas, 10% punctured
PE(PEP) and charcoal treated paper effectively prevent this disorder, only 3.3

and 4.5% of the stored fruits were disordered. Significant differences between



covering materials were observed for storage disorders. Charcoal treated papers
were revealed as a better material for the reduction of external disorders such
as skin blackening and skin light browning(skin sooty dapple) during three
months of cold storage when compared with PE and newspaper. On the other
hand, PE and PEP effectively reduced internal disorder core breakdown when

compared with untreated control and papers.

As a pre—storage treatment, ozone irradiation for 5 or 1 min affected adversely
on fruit quality and incidence of physiological disorders during cold storage.
Meanwhile, UV—C irradiation for 2 min revealed somewhat effective on the

maintenance of external appearance and the mitigation of skin light browning.

For the development of fresh—keeping absorber in paper box, we tested several
absorbant such as silica gel, activated charcoal, carbon ceramic and ethylene
scrubber. Occurrence of skin browning and core breakdown considerably
decreased by the addition of the pack of carbon ceramic in the box, while the
pack of silica gel decreased external appearance by  excess loss of fruit

moisture.

The use of 1-MCP at 1000ppb was very effective on the control of storage
disorders without any adverse effects on fruit quality during two months of cold
storage. No pithiness disorder was found in 1—MCP treated fruits, and the
occurrence of core breakdown was as low as 20% of untreated control, while the

treatment of ethylene at 100ppm promoted those disorders considerably.

We tested the influence of the artificial damage (wounding) on the fruit
quality factors and the occurrence of physiological disorders during 4 months of
cold storage in 'Niitaka' pears. Artificially damaged fruit showed decrease of
external appearance after four months of cold storage. Typically wounding
treatment increase core breakdown and pithiness up to 3 times when compared

with sound fruits. The direct use of 1—MCP at 1000ppb on a box capable of



containing 5kg for exportation was compatible with mitigation of the disorders in
mechanically damaged fruit resulting in fruit that can reduce the incidence of
flesh browning and pithiness disorder than non—treated fruit during month of

simulated exportation.

Differences in low temperature acclimation before cold storage in harvested
warm fruits were large between selected temperature. There was considerable
decrease in firmness of the fruits stored directly to 1°C without any temperature
acclimation, while the fruits of acclimated at 4 to 12C maintained their firmness
fairly high during 4 months of cold storage. The fruits of temperature acclimated
during three days at 8 or 12°C showed better quality and lower incidence of

storage disorder than those of untreated one.

Influence of high temperature stress during shelf life in stored cold fruits were
tested. There was considerable increase in weight loss of the fruits marketed at
high temperature(30°C) which showed 3 times higher than those of low
temperature(10C) or room temperature(20°C). The fruits marketed at 30C
showed high incidence of external and internal disorders and the trends were

increased coincide with the duration of shelf life.

For the prevention of high temperature stress during shelf life in stored cold
fruits, we tested the effects of several pads which consisted of carbon ceramic,
illite and zeolite. Insertion of illite and zeolite powder on the inside of the paper
pad fairly effective on the prevention of physiological disorders such as internal
(flesh) browning, core breakdown and pithiness. In particular, illite treated pad
affected more than 50% overall reduction in skin light browning and pithiness

disorder during 5 days of shelf life at 30°C in 'Niitaka' pears.

Using genes encoding for ethylene biosynthetic enzymes as probes, RFLP
analysis was conducted for the pears grown in Korea and Korean native one.
RFLPs were designated as A(2.8kb of PPACSI), linked to high levels of



ethylene(=10ul/kg F.W./hr) and B(0.8kb of PPACS2), linked to moderate levels
of ethylene(0.5ul/kg F.W./hr — 10ul/kg F.W./hr), when the total DNA was
digested by HindIIl. Four RFLP types(AB, Ab, aB, ab) were identified based on
RFLPs wusing this gene diagnosis. Based on those methods, 'Minibae',
'Shinchun', 'Josaengwhangkeum' identified as a fruit of moderate ethylene
production(aB) type. On the other hand, 'Sunhwang', 'Shinil', 'Wonhwang',
'"Whangkeumbae', '"Hwasan', 'Niitaka', 'Gamchunbae’, "Chuwhangbae',
'Mansoo', 'Mihwang' identified as a fruit of lowest ethylene production type.
This research will be very useful for breeding strategies to improve storage

potential in Korean pears.

Hourly development rate model was established for predict full bloom date of
'Niitaka' pear cultivar. The difference of predicted and observed full bloom date
was —2~1 days in NaJu region and —5~4days in Cheonan. The degree of
estimation precision by hourly development rate model was improved 3~4days
compared with regression model and daily development rate model. The model to
predict the harvest time was established using climatic factors of young fruit
season and August. The difference of predicted and observed harvest time was
—b5~b5days.
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7ol = 2

—ololol 1@, FRI FAT, 2@, WA 5 4
b golsht WHoR wAs: TEY, A5, 533
Q A

-

WHoRE I AAVE ofgg-2R Aujrle] T2l el
FolA= =, A, 2, A S FET T B =0 EHeE AT A
3 A 2 Izt oiFEal e (Y, 2002)

a8y Mgl s a2 5 e SAo] se tEr 538 Tl A
T FF wat dEd AP SN S5 T dHe] AolE HolmE JiE W%
g = A FFoll A838H7] o7l Aol 25 (Cheng# He, 1993; Itai 5, 1999,
Ning %, 1997; Ohkawa %, 1998; Saltveit, 1999; Satoh %, 2000; Tian %, 1992;
Wei &, 1994; Yang &, 1997)
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& ZEe] Woprlel Hv|L, dxAgeke] A, 7HEe w7 e o, 4t
L ek ARG HAAE stepwise regressionFAIH L o] &5l drolr] 9}
ks S Atk FE2NTH sR7IEATRAAE 1990l L F
o] A4-A3E AEdte] ‘Fo A QA 7S5 SA ol ge s I

8 Fgl Ab, ol L=, Hgoke] whY] o SRl
o

—1990d o] Hel 2k} Jfstriete] 3 AAE o] &e F8 FH B FFH s
B3t o Srdo] AutE g om (KA, 1990) 1990 el = 71/etE Astr] o=
o] By 9 FEY] dFrdoe] MAFHAL FHtollE AEFH Elgp FHRA
S A7 FaEa glon o] o] &g Asty] AojRE o] FAle] FaE L
t}. (Sugiura, 1997).
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A3 ATNE F3E 32 A
L A v 3938 5 P 24 74

1. A3 wje] A&E=rt A% 5 Agds] R FLAFA A= 9%

A3t o x=A 2 o] % i’ﬂEﬂO]Lﬂ ‘i}ioﬂ ol 1CA %
w4 s g A dAES Al

HAo ArE ArHS 7|Fo® B}y E Hl7]1 8mm flat—tipped probeE &+
3 Rheometer (CR—100D, Sunscientific, Japan)®Z 7ZAEE ZH3{th @9+
o ZAHG

Newton®o & 32 T 7|89t 71eA 18 E 49 =74 (PR—1, Atago,
Japan)i 5 AF A2 ASE T SAHSSG L, AES B35S A A
< 0.IN NaOH=Z #Ag3gt & AL gd5Fs 7|Eo2 ALsisit. Bae A% =

s s I’Jra]/] HAeHS oz AMxA(CR—200b, Minolta, Japan)Z ©]-& Lx, a*
+ ks SASGY Hy Py Ew, vigEe], AW 5 A s 24
ST Ao R grEete] RAbste] WAES Artsta WA EE 6TA (0]
A — 5 WA 50% o) E HAFste] WAIAFR F7]8H T

o

e rlr

e BEe AR Al wel folshAl Faskal ot v atel A <]
stFo] wl¢- AM A% 47hE Fell= A el HlE 5N 4201 AT
Hu A 47 % 10.9NO 2 vmd =7 §A 5 e udEedds 129
g frAske] Z7AGS 9% 98 fAskeE o 2AE 111 3ol 7
JM A7 "ol %57}

3 4
A dds = ATt (Table 1).
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S We A% 71zt Fol Aeds HAES 2w S50 APE A%l A
S AN AT T 10%7HA B n&ae] 5% Hrle tha 9tk 53
Mgk Eol el AW FHE A% HAS A Aol FosA wA 2AL
Ho] A% 470 Fole 77 80%7HA HrERRTH(Table 2). whebd 37143S $14)
Ae dE7l oln AR FRyE Fgde v v el Ago] vgdd A

o2 AR E AT

Table 1. Effects of fruit maturity on the fruit quality factors during four months

of low temperature storage in 'Niitaka' pears”.

Storage Firmness TSS T. Acidity Color difference
(month) (kg) (°Brix) (%) L a b
Immnature
0 15.8 a* 104 d 0.115 a 109 b 146d 499c
2 134 b 11.5 bc  0.099 b 110 b 179 ¢ 541 a
4 10.9 cd 12.0 ab  0.084 ¢ 110 b 258 a 529 ab
Mature
0 11.0 ¢ 109 ¢d  0.093 bc 115 a 178 ¢ 50.8 bc
2 9.9 de 12.5 a 0.103 b 112 ab 209 b 484 ¢
4 91 e 12.0 ab  0.084 ¢ 113 ab 227 b 527 ab

‘Samples were harvested on Sep. 30 for immature stage and Oct. 15 for
commercial maturity, 2005 in the private orchard of Seonghwan, Chonan.
YFruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1TC.

*Mean separation within columns and same investigated date by DMRT at 5%
level.



Table 2. Effects of fruit maturity on the occurrence of physiological disorders

during four months of low temperature storage in 'Niitaka' pears”.

Storage Appearance  Skin blackening Pithiness Core break- Decay
(month) (Index, 0-5) (%) (%) down (%) (%)
Immature
0 40 a* 0" 0 0 0
2 38 b 3.6 214 57.1 3.6
4 3.5 cd 5.0 31.6 31.6 5.0
Mature
0 4.7 c 0 0 0 0
2 43 de 48 9.5 47.6 4.8
4 34 e 10.0 80.0 80.0 15.0

‘Samples were harvested on Sep. 30 for immature stage and Oct. 15 for
commercial maturity, 2005 in the private orchard of Seonghwan, Chonan.
YFruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.

“Data were the average of 45—60 fruits.

2. 84 F7F R AzAF A2 W) FEFE R AR DA vl Y

Ao afe] A (FA -7 E Holu sl ozEEH S Rod 4oz ALg
o] gtom(Kitagawa 5, 1992) 27]9 AEA Y HAIPHI H oA Al Zslo] &A=
ggtg A, st=EA], B4 o] ARE ol&Ha v I 5 EFF AL A

|

7F s o] el FATgALS =REA Q)
F& AHEd §A T uYdst Ve s

A E A, Ab, Eeol B Fkuie] s A%
W& A vF Yt (Amarante, 2002; Fan and Mattheis, 1998; 7 <3
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Fig. 1. Paper bags using the experiment.
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2.1. BAFFE 457 #4 F2 ¥n

TFE8& AaE ddor AAeAE 87 A FHd vA= FEFS AL
o SR A, A G o] F AR 3F(WAY), =FA ] A =&
A8 gk Mg E 7ol vlastglt.

A TREE AAF, FFol= Aok fITH (] E). 2 A E 849
ZHA gl ej el WA= g3E FHESH] st AMEAE B =FA 9
A v astR =, B3 »=FXA] (yellow+yellow)ol] H]aLsle] ALz 2l £=3] 7]
wFAe] A B PEL FeFo] fFoJstA WA ZALEATE (Table 3). o] A
A Ae YA Mo m A3 =FA4Y Aee WA SR FAd
w7 ARk =R Ao HlE] woky] Wi o2 ALRHATH GAE AP sA ¥ FE
& HA A 8 A7l #Agle] ZAAo] aLEA| Hojof AAEIEX 7 = ©
oAl A aad JUrE dols APzt Zfol7h il oy A wnt Jrkek A
Fol= =47 ¢ AR ZAEJL VB 87 S5E 2 HyFAE
Azt 2ol & Hol#| &t (Table 3).

ARt o g BAE HeH A Wl #7]do] Wststo] HAo Fdo FA}S F
= Ao delA ¢lil(Faragher, 1984; 19} A1, 1992; £33} &, 1998) AL Ho)
S8 AbgH(HA A 5, 1989; Fan and Mattheis, 1998)4 == (A 8kf, 1998) 9 2+
o] FHlstAl & Fdufel oAM= m B FAuH =St e ks A=
Aow Buya JrH(AAM 5, 1988; 7AAH, 1990; H=H and AEA 1972; A
97, 20005 o &3k, 1991 3743 &, 1999). A AMUNAAE AMESHAE A
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Table 3. Effects of charcoal and bag colors on the fruit quality factors in

on—time harvested 'Niitaka' pears”.

Bag treatment 0, evolution CO; evolution
Chlorophyll Color (mlkg: hrt (mlkg: hr!  Skin thickness

Outer Inner (ug/cm ) (Index) ) ) (mm)

Grey  Blue 1.21 bc”* 49 a 194.6 a 333 a 1.00 a
Grey Red 1.05 ¢ 47 ab 1894 a 322 a 0.85 a
Grey  Yellow 0.76 d 46 b 2181 a 228 a 092 a
Yellow charcoal 071 d 49 a 196.0 a 259 a 0.88 a
Yellow  Yellow 154 a 42 ¢ 184.1 a 27.7 a 0.90 a

“Fruits were harvested on Oct. 15, 2005.

"Fruits were grown in the private orchard in Sunghwan, Chonan.

*Mean separation within columns and same investigated date by DMRT at 5%
level.

A A7 AFEdE Ueidol B4 Uz FaEe o de #AaAA
o} /‘]'34' ol FRRHo] 2= (K, 1985), ¥ AFoA wmFao gt 414
X =TFA Y] G54 FFol wa #HAGTE ol A(Table 3)2 A%
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Ao 44 3-5A1 Fo
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Table 4. Effects of paper bags and pre—drying on the fruit quality factors

during three months of low temperature storage in 'Niitaka' pears”.

Treatment’ Firmness TSS  T. Acidity Color difference
Outer Inner (kg) (°Brix) (%) L a b
Before storage

Grey Blue 1.194 113 bc  0.095 a 116 a 242 a 498 a
Grey Red 1343 ab 108 ¢ 0.099 a 116 a 224 a 491 a
Grey  Yellow 1.209 ¢ 114 b 0.091 a 116 a 232 a 506 a
Yellow charcoal 1.391 a 12.1 a 0.101 a 116 a 224 a 496 a
Yellow  Yellow 1122 ¢ 109 ¢ 0.093 a 115a 178 b 508 a
3 months after direct cooling
Grey Blue 1.052 a 123 a 0.094 a 115a 278 a 519 a
Grey Red 1.09 a 116D 0.099 a 116 a 264 a 508 a
Grey  Yellow 1193 a 113 Db 0.092 a 116 a 269 a 518 a
Yellow charcoal 1190 a 116 Db 0.103 a 117 a 233 b 501 a
Yellow Yellow 1224 a 115D 0.092 a 116 a 205 c 513 a

3 months after pre-drying treatment

Grey  Blue  126a 121a 009%a 7  246a 501 a

Grey Red 1.188 a 10.6 c 0.089 a 118 a 236 ab 493 a
Grey  Yellow 1134 a 11.6 ab 0.087 a 116 b 254 a 499 a

Yellow charcoal 1.109 a 11.7 ab  0.086 a 116 b 244 ab 494 a

Yellow Yellow 1130 a 113 b 0088 a a%)” 183 b 502 a

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

"Fruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1C.

*Mean separation within columns and same investigated date by DMRT at 5% level.
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Table 5. Effects of paper bags and pre—drying on the fruit quality factors

during five months of low temperature storage in 'Niitaka' pears”.

Treatment” Firmness TSS T. Acidity Color difference
Outer  Inner (kg) (°Brix) (%) L a b
Before storage

Grey Blue 1.194 ¢ 11.3 bc  0.095 a 116 a 242 a 498 a
Grey Red 1.343 ab 10.8 ¢ 0.099 a 116 a 224 a 491 a
Grey  Yellow 1.209 ¢ 114 b 0.091 a 116 a 232 a 506 a
Yellow charcoal 1.391 a 12.1 a 0.101 a 116 a 224 a 496 a
Yellow Yellow 1122 ¢ 109 ¢ 0.093 a 115 a 178 b 508 a

5 months after direct cooling

Grey Blue 1.218 ab 12.0 bc  0.118 a 114 ab 259 a 501 a
Grey Red 1.102 bc 121 ab 0104 ab 115a 259a 499 a
Grey  Yellow 1.057 ¢ 11.8 ¢cd  0.089 b 115a 247 a 489 a
Yellow charcoal — 1.256 a 11.7 d 0110 ab 112 b 260 a 501 a

Yellow Yellow 1.097 bc 12.2 a 0.094 b 113 ab 218 b 50.6 a

5 months after pre-drying treatment

Grey Blue 1.032 b 121 a 0.122 a 114 a 255Db 486 a
Grey Red 1179 a 119 b 0112 ab 113 a 276a 514 a
Grey  Yellow 1.229 a 111 ¢ 0111 ab 114 a 250b 493 a
Yellow charcoal  1.231 a 11.7 b 0.102 b 114 a 248Db 494 a
Yellow Yellow 1134 a 11.7 b 0.103 b 114a 216 c 500 a

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were stored directly on the day of harvest in the container boxes with
paper bags at 90% RH and 1TC.

*Mean separation within columns and same investigated date by DMRT at 5%
level.
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Table 6. Effects of paper bags and pre—drying on the appearance and
physiological disorders during three months of low temperature

storage in 'Niitaka' pears”.

Treatment” Core
ol Appearance Skin contami Skin blacke- Light black  Pithiness breakd
reakdown
Outer Inner (Index, 0-5) -nation (%) ning (%)  -ening (%) (%) *)
Before storage

Grey  Blue 4.740.1%

Grey Red 4.7+0.1

Grey  Yellow 4.7£0.2
Yellow charcoal  4.7+0.1

o o o o o

0 0
0 0
0 0
0 0
0 0

o o o o o
o o o o o

Yellow Yellow 4.7+0.2

3 months after direct cooling

Grey Blue 3.520.1 45.718.5 244168 24+24 0 19.5+6.3

Grey Red 3.5+0.1 34.1+75 31.7¢74 49434 0 26.81£7.0
Grey  Yellow 3.740.1 20.0£8.2  129+6.1 3.2+3.2 0 29.0£8.3
Yellow charcoal 3.520.1 8.3+4.7 8.3+4.7  2.8£2.8 0 11.1+5.3
Yellow Yellow 3.510.1 17.546.1 12553 25425 0 11.14£5.3
3 months after pre-drying treatment
Grey Blue 3.4+0.1 52.0£10.2  3.243.2 0 0 19.447.2
Grey Red 3.310.1 12.046.6 3.243.2 0 0 19.417.2
Grey  Yellow 3.31£0.1 25.049.9 0 0 0 7.7+5.3
Yellow charcoal  3.4+0.1 10.0£5.6 2.842.8 0 0 8.314.7
Yellow Yellow 3.5+0.1 20.0£6.9 0 0 0 2.5%2.5

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

"Fruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1TC.

*Data were the average of 20—40 fruits with SE.
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Table 7. Effects of paper bags and pre—drying on the appearance and
physiological disorders during five months of low temperature storage

in 'Niitaka' pears”.

Treatment” Appearance Skin contami Skin blacke- Light black  Pithiness Core break-

Outer Inner (Index, 0-5) -nation (%)  ning (%) -ening (%) (%) down (%)
Before storage

Grey Blue -4 0 0 0 0 0

Grey Red 4.740.1 0 0 0 0 0

Grey Yellow 4.7+0.2 0 0 0 0 0

Yellow charcoal — 4.7+0.1 0 0 0 0 0

Yellow Yellow 4.7+0.2 0 0 0 0 0

5 months after direct cooling

Grey Blue 3.4+0.1 27.8410.9 25.0+9.0 5.6+5.6 8.3+5.7  50.0+10.4

Grey Red 3.3+0.1  4.844.8 29.6+8.9 19.1#8.8 18.5+7.6 66.7+9.2

Grey Yellow 3.3+0.1 16.7#11.2  5.6+5.6 5555 16.749.0 33.3t114
Yellow charcoal  3.410.1 0 0 0 48+4.8  38.1+10.9
Yellow Yellow 3.3+0.1 13.349.1 14.3+7.8 4.3+43 4.8448 23.8495

5 months after pre-drying treatment

Grey Blue 3.4+0.1 33.3%£10.5 3.7#3.7 3.7#3.7 11.1+6.2 40.749.6

Grey Red 3.4+0.1 35.0£10.9 0 25.049.9 11.5%64 61.549.7

Grey Yellow 3.4+0.1 26.3£104 0 15.848.6  4.0+4.0 36.0£9.8
Yellow charcoal 3.3x0.1 10.0+6.9 0 0 0 31.3+12.0
Yellow Yellow 3.5£0.1 21.4+114  5.04¢5.0 0 10.046.9  35.0+10.9

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were stored directly on the day of harvest in the container boxes with
paper bags at 90% RH and 1C.

*Data were the average of 21—46 fruits with SE.
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Table 8. Effects of charcoal and commercial double layer paper bags on the fruit
quality factors in GA—treated” 'Niitaka' pears”.

Bag treatment Weight Length Diameter L/D Color  Skin c}:l‘
Outer Inner (Index) (ug/cm’)
Grey Red 881.7a 1110a 1178 a 091 a 42Dbc 261 c
Grey Blue 9139 a 1131 a 1235 a 092 a 42 bc 294 c

Grey Yellow 9536 a 1159 a 1254 a 092 a 39 c 373 b

Grey Charcoal 8931 a 11.10a 1210a 092a 44ab 390 Db

Yellow Charcoal 8956 a 11.05a 1236 a 0.89 a 46 a 484 a

‘GA paste was treated on 35 DAFB and fruits were harvested on Sep. 24, 2005.
"Fruits were grown in the private orchard in Sunghwan, Chonan.
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Table 9. Effects of paper bags and pre—drying on the fruit quality factors
during three months of low temperature storage in GA-—treated
'Niitaka' pears”.

Treatment” Firmness Tss T. Acidity Color difference
Outer  Inner (kg) (°Brix) (%) L a b
Before storage
Grey Blue 1.241 b* 10.6 a 0.104 a 118 a 184 a 509 a
Grey Red 1.133 ¢ 10.5 a 0.106 a 116 ab 187 a 51.0 a
Grey  Yellow 1.199 be 109 a 0.109 a 117 ab 175 a 508 a
Grey  charcoal  1.355 a 109 a 0.109 a 115 bc 193 a 503 a
Yellow charcoal  1.205 bc 10.7 a 0.103 a 114 ¢ 175 a 511 a
3 months after direct cooling
Grey Blue 1.030 a 11.8 a 0.112 a 115a 249 ab 498 a
Grey Red 1.032 a 115 a 0.112 a 114 a 255 a 509 a
Grey  Yellow 0.997 a 115 a 0.106 a 117a 231 b 481 a
Grey  charcoal 1.166 a 115 a 0.113 a 117 a 240 ab 512 a
Yellow charcoal 1.183 a 11.8 a 0.102 a 117 a 231 b 512a
3 months after pre-drying treatment

Grey Blue 1.109 a 11.4 ab 0.109 a 118 ab 238 a 500 b
Grey Red 1172 a 11.6 a 0.103 a 118 ab 23.6 ab 49.7 b
Grey  Yellow 1.037 a 111 b 0.102 a 119a 237 b 515 ab
Grey  charcoal  1.172 a 11.7 a 0.105 a 113 ¢ 25.6 ab 50.6 ab
Yellow charcoal 1.097 a 111 b 0.111 a 115 bc 247 a 520 a

Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1C.

*Mean separation within columns and same investigated date by DMRT at 5% level.
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Table 10. Effects of paper bags and pre—drying on the appearance and
physiological disorders during three months of low temperature

storage in GA—treated 'Niitaka' pears”.

Treatment” Appearance Skin contami Skin blacke- Light black Pithiness Core break-

Outer Inner (Index, 0-5) -nation (%) ning (%)  -ening (%) (%) down (%)
Before storage
Grey  Blue 4.0+0.1" 0 0 0 0 0
Grey  Red 4.2+0.1 0 0 0 0 0
Grey Yellow 3.840.2 0 0 0 0 0
Grey charcoal  4.10.1 0 0 0 0 0
Yellow charcoal — 4.4+0.2 0 0 0 0 0
3 months after direct cooling

Grey  Blue 3.4+0.1 71.4+7.7 0 0 24424 29.317.2
Grey  Red 3.4+0.1 48.618.6 0 57+4.0 24424 9.8+4.7
Grey Yellow 3.310.1 37.1+8.3 0 5.7+4.0 0 29.317.2
Grey charcoal  3.440.1 13.0+7.3 0 4.5+4.5 0 10.7+¢5.9
Yellow charcoal  3.4+0.1  14.316.7 0 7.1£5.0 0 59+4.1

3 months after pre-drying treatment

Grey  Blue 3.5+0.1 68.0+6.7 0 41+2.8 0 3.312.4
Grey  Red 3.4+0.1 70.0+7.3 0 17.5+6.1 0 15.245.3
Grey Yellow 3.3+0.1 60.5+8.0 0 7.9+4.4 46132  13.615.2
Grey charcoal  3.520.1 17.619.5 0 0 0 0
Yellow charcoal  3.5+0.1  10.5%7.2 0 0 0 8.0£5.5

Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were treated with 5 days of pre—drying after harvest and stored in the
container boxes with paper bags at 90% RH and 1C.

*Data were the average of 23—56 fruits with SE.
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Fig. 2. Roll papers (left), charcoal papers (middle) and produced paper bags
(right).
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Fig. 3. Roll paper (left), 20% charcoal (middle) and 10% charcoal paper (right)



Table 11. Effect of bagging treatments on the fruit quality during two months of
low temperature storage in 'Niitaka' pears”.

. Soluble . s . .
Treatments’ Firmness solids Acidity Skin color Skin color
(N) (°Bx) (%) (L value) (Hue value)
Before storage
Control 22.1+0.7* 12.5+0.1 0.099+0.001  117.2+0.4 71.311.1

Charcoal I 25.4+1.2 12.8+0.2  0.119+£0.006  117.6+0.8 70.6+1.2
Charcoal I 25.8+1.4 13.4+0.4  0.127+£0.002  116.2+0.8 68.6+0.6

After storage
Control 25.4+0.6 11.9+0.1 0.100+0.003 116.31+0.6 69.610.4
Charcoal 1 26.0+0.6 12.5+0.1 0.088+0.003 116.8+0.4 67.5+0.4

Charcoal I 24.3+0.6 12.740.2 0.084+0.003  116.3+0.5 67.5+1.0
“Fruits were stored in 5kg paper box without paper bags at 1C for 60 days.
YControl; double layer roll paper, charcoal I; activated charcoal(AC) 20%, charcoal
II; AC 10%

*Data were the averagezxstandard error, n=40.

Table 12. Effects of packing treatment on the physiological disorder during two

months of low temperature storage in 'Niitaka' pears”.

, Appearance Light browning brlgligrz)i}r n br efl?(;g wn
Treatments
(%) (%) (%)
(Index) [index] [index] [index]
Before storage
Control 4.1+0.2" 0 0 0
Charcoal I 41+0.2 0 0 0
Charcoal II 4.4+0.2 0 0 0
After storage
39.4+8.6 2.0+0.0 7.0+.01
Control 34201 [0.6£0.2] [0.1£0.0] [0.3£0.1]
36.4+8.5 4.0+0.1 13.0+0.1
Charcoal 1 31201 [0.6£0.2] [0.1£0.1] [0.6£0.2]
24.2+7.6 5.0+0.1 9.0+0.1
Charcoal IT 34201 0.420.1] 0.240.1] [0.3:0.1]

“Fruits were stored in 5kg paper box without paper bags at 1°C for 60 days.
YControl; double layer roll paper, charcoal I; activated charcoal(AC) 20%, charcoal
II; AC 10%

*Data were the averagefstandard error, n=33.

Numbers in parenthesis were the index of disorder (0O=none, 5=severe).
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Fig. 4. Comparison of fruit quality between roll paper— and charcoal treated—

bag after 3 months of storage in 'Niitaka' pears.
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Fig. 5. Comparison of physiological disorders between roll paper— and charcoal
treated— bag after 3 months of storage in 'Niitaka' pears. LB: light skin
browning, SB: Skin blackening, DC: decay, IB: internal breakdown, CB:
core breakdown, PT: pithiness, CF: contaminated fruit, SC: stem—end
cracking, CC: calyx—end cracking.
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Table 13. Comparison of normal and calyx perpetual 'Niitaka' pears on the

fruit quality factors during five months of low temperature storage’.

Treatment’ Firmness TSS T. Acidity Color difference
Type  Pre-drying (kg) (°Brix) (%) L . -
_Before_storage
Normal - 1122a 109a 009 a 115a 178 a 508 a
Calyx
perpetual - 1106 a 117 a 0085 b 114a 183 a 509 a

After 3 months of storage

Normal Pre-drying 1130 a 113 a 0.088 b 117 a 183 b 502 a

None 1224 a 115a 0.092 a 116 a 205 b 513 a
pe(g;gﬁal Pre-drying 1.045b 118 a 0111 a 113 a 236 a 516 a
None 1250 a 119 a 0.099 a 115a 231 a 508 a

After 5 months of storage
Normal Pre-drying 1.097 a 122 a 0.094 a 113 a 218 a 50.6 a
None 1134 a 11.7 a 0103 a 114 a 216 a 500 a
porotmal Predrying 1151 a 114b  009a 123a 202a 501a

None 0924 b 119 ¢ 0103 a 112 a 225 a 500 a

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were treated with or without 5 days of pre—drying after harvest and
stored in the container boxes with "noru" paper bags at 90% RH and 1TC.
*Mean separation within columns and same investigated date by DMRT at 5%
level.



Table 14. Comparison of normal and calyx perpetual 'Niitaka' pears on the
appearance and physiological disorders during five months of low

temperature storage”.

Treatment” Appearance Skin contami Skin blacke- Light black  Pithiness  Core break-
Type Pre-drying (Index, 0-5) -nation (%) ning (%) -ening (%) (%) down (%)
Before storage
Normal - 4.7+0.1 0 0 0 0 0
Calyx
perpetual - 4.2+0.1 0 0 0 0 0

After 3 months of storage

Normal Pre-drying 3.5+0.1  20.0+6.9 0 0 0 2.5+£2.5
None 3.5+0.1 17.5+6.1 12.5+5.3 25+2.5 0 11.145.3
Calyx ' predrying 3.5:01 11.1+7.6 11.1£7.6 0 5.6£5.6 38.9+11.9
perpetual Y- g OXU. Ax/. Ax/. .00, Jx .

None 3.5+0.1 14.3+7.8 19.1488 0 4.8+44.8 33.3+10.5

After 5 months of storage

Normal Pre-drying 3.5£0.1 21.4411.4 5.0+5.0 0 10.0£6.9 35.0+£10.9
None 3.310.1  13.349.1 14.3%7.8 0 4.8+4.8 23.849.5
Calyx = predrying 3.3:t01 18.8+101  6.36.3 0 9.1+6.3 59.1+10.7

perpetual

None 3301  6.7+6.7 9.5+6.6 6.7+6.7 9.5+6.6 85.7+7.8

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

"Fruits were treated with or without 5 days of pre—drying after harvest and
stored in the container boxes with "noru" paper bags at 90% RH and 1TC.
*Data were the average of 20—23 fruits with SE.
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Table 15. Effects of calcium and ascorbic acid spray on fruit growth parameters

in 'Niitaka' pears.

Weight L D L/D

Treatments”
(8) (mm) (mm) (ratio)
Untreated 7188 a 98.26 a 113.79 a 0.86 a
Ca-Chloride 709.8 a 98.99 a 113.39 a 0.87 a
Ca-Chloride+A.A. 706.0 a 97.62 a 113.29 a 0.86 a
Ca-Citrate 686.7 a 98.10 a 112.79 a 0.87 a
Ca-Citrate+A.A. 699.2 a 9555 a 112.73 a 0.85 a

’0.1% calcium chloride and calcium citrate solution with or without 0.1% ascorbic
acid(A.A.) were sprayed at 40 days after full bloom in 2007. Fruits were bagged
with roll paper after treatments and harvested on 160 DAFB.

"Different letters within each column show a significant difference by Duncan's
multiple range test at 5% level.



Table 16. Effects of calcium and ascorbic acid spray on fruit quality parameters

in 'Niitaka' pears.

; Firmness TSS T. Acidity
Treatments o .
(N) (‘Brix) (%)

Untreated 269 a 114 a 0.09 a
Ca-Chloride 248 a 11.2 a 0.08 a
Ca-Chloride+A.A. 269 a 11.6 a 0.07 a
Ca-Citrate 255 a 111 a 0.08 a
Ca-CitratetA.A. 241 a 112 a 0.08 a

’0.1% calcium chloride and calcium citrate solution with or without 0.1% ascorbic
acid(A.A.) were sprayed at 40 days after full bloom in 2007. Fruits were bagged
with roll paper after treatments and harvested on 160 DAFB.

"Different letters within each column show a significant difference by Duncan's
multiple range test at 5% level.

Table 17. Effects of calcium and ascorbic acid spray on skin color development

in 'Niitaka' pears.

Skin color difference

Treatments” L R b Hue

Untreated 65.17 a 7.10 ¢ 35.67 b 78.78 a
Ca-Chloride 64.69 a 7.35 bc 3543 b 78.36 ab
Ca-Chloride+A.A. 61.70 a 7.46 bc 35.96 b 78.38 ab
Ca-Citrate 60.37 a 8.51 ab 36.56 ab 76.93 b
Ca-Citratet+A.A. 64.02 a 8.68 a 3712 a 76.86 b

’0.1% calcium chloride and calcium citrate solution with or without 0.1% ascorbic
acid(A.A.) were sprayed at 40 days after full bloom in 2007. Fruits were bagged
with roll paper after treatments and harvested on 160 DAFB.

"Different letters within each column show a significant difference by Duncan's
multiple range test at 5% level.
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Table 18. Comparison of functional activity between calcium and untreated

Niitaka pear.

; SOD-like activity Antioxidant activity
Treatment . 0
(%) (%)
Calcium sprayed 10.1+£2.5 21.1+5.1
Untreated 9.2+1.7 21.6£1.7

’0.1% calcium citrate solution with 0.1% ascorbic acid(A.A.) were sprayed at 30
days after full bloom in 2007. Fruits were bagged with roll paper after
treatments and harvested on 160 DAFB.
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A ZAbE ol G394 o]t (Table 20). 3 5 & oS HAAeA] @il FA
A I

1Tl garste] AL A% F FAFA mA= 9T 508 A Foll A
A3k Ay FAT v dE g @Rkl folehAl =al agko] Stol
daol AAHAIL (Table 19) S, d5Fo], nigtgeo], AWM E] A3 Yo}
oAl e fHELo] -3 Aow 2AEAE (Table 20).

Table 19. Effects of calcium spray on the fruit quality factors during five

months of low temperature storage in 'Niitaka' pears”.

Treatment” Firmness  TSS T. Acidity Color difference
Calcium Pre-drying (kg) (°Brix) (%) L a b
Before storage
Untreated - 1122 a 109 a 0093 a 115a 178 a 508 a
Calcium spray - 1241 a 116 a 0113 a 116 a 192 a 517 a

After 3 months of storage

Untreated Pre-drying 1130 b 113 a 0.088 b 117 a 183 b 50.2 a
None 1224 a 115a 0092a 116 a 205 Db 513 a
Calcium spray Pre-drying 1202 a 114 a 0080 b 116 a 187 b 514 a
None 1242 a 122 a 0098 a 116 a 171 c 516 a

After 5 months of storage

Untreated Pre-drying 1.097 b 122 a 0094 a 113 a 218 a 506 a
None 1134 b 117 a 0103 a 114 a 216 a 500 a
Calcium spray Pre-drying 1159 b 119 a 0102 a 114 a 214 a 509 a
None 1265a 126 a 0122 a 114 a 222 a 524 a

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were treated with or without 5 days of pre—drying after harvest and
stored in the container boxes with "noru" paper bags at 90% RH and 1TC.
*Mean separation within columns and same investigated date by DMRT at 5% level.



Table 20. Effects of calcium spray on the occurrence of physiological disorder

during five months of low temperature storage in 'Niitaka' pears”.

5 .
Treatment Appearance Skin contami Skin blacke- Il;llagg: Pithiness ~ Core break-
Calcium Pre-drying (Index, 0-5) -nation (%)  ning (%) ening (%) (%) down (%)
Before storage
Untreated - 4.7+0.1 0 0 0 0 0
Calcium
spray - 4.710.1 0 0 0 0 0
After 3 months of storage
Untreated Pre-drying  3.5%0.1 20.0+6.9 0 0 0 25425
None 3.5+0.1 17.5¢6.1 12.5#5.3 2.5+25 0 11.14£5.3
Calcium .
spray Pre-drying  3.6x0.1 9.5+6.6 9.5%6.6 0 0 0
None 3.5+0.1 8.716.0 0 0 0 8.716.0
After 5 months of storage
Untreated Pre-drying  3.5£0.1  21.4£114 5.0+£5.0 0 10.0£6.9 35.0£10.9
None 3.3£0.1 13.319.1 14.3t7.8 0 48+48 23.849.5
Calcium .
spray Pre-drying ~ 3.5%0.1 14.3+9.7 0 0 5.0£5.0 15.0+8.2
None 3.3+0.1 10.5£7.2  5.3£5.3 0 5.3+5.3 10.5%7.2

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,

Chonan.

YFruits were treated with or without 5 days of pre—drying after harvest and
stored in the container boxes with "noru" paper bags at 90% RH and 1TC.
*Data were the average of 20—23 fruits with SE.
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kal(Table 21), MEo|= & Z}o]E Holx] ¢ott}(Table 22).

Table 21. Effects of calcium spray and several paper bags on the fruit quality
factors in 'Niitaka' pears”.

; Flesh firmness Soluble solids Acidity
Treatments® Paper bags

(N) (*Brix) %)
Untreated Roll paper 246 ¢ 118 a 0.09 ab
Activated charcoal 252 ¢ 11.0 ab 0.10 a
Ag-nano charcoal 25.6 bc 11.1 ab 0.09 ab
Calcium spray Roll paper 243 c 10.7 b 0.08 b
Activated charcoal 29.0 a 10.8 b 0.10 ab
Ag-nano charcoal 28.6 ab 11.2 ab 0.09 ab

’0.1% calcium citrate solution with 0.1% ascorbic acid(A.A.) were sprayed at 40

days after full bloom in 2007. Fruits were bagged with each paper bag after

calcium spray and harvested on 165 DAFB.

"Mean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.
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Table 22. Effects of calcium spray and several paper bags on the fruit skin

color development in 'Niitaka' pears”.

* * *

Treatments” Paper bags L a b Hue value

Untreated Roll paper 6215 b 4.69 a 38.69 a 83.04 a
Activated charcoal 63.15 a 533 a 38.19 a 82.04 a
Ag-nano charcoal 63.23 a 5.46 a 38.42 a 8192 a
Calcium spray  Roll paper 6282 ab 523 a 38.41 a 82.26 a
Activated charcoal 63.51 a 513 a 38.44 a 8244 a
Ag-nano charcoal 63.54 a 439 a 38.10 a 83.44 a

’0.1% calcium citrate solution with 0.1% ascorbic acid(A.A.) were sprayed at 40

days after full bloom in 2007. Fruits were bagged with each paper bag after

calcium spray and harvested on 165 DAFB.

"Mean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.

TE F 7ARb el 2AE F 1CAAM R AgsA dEAS 2ARE
o A 2Ad Fo) AaE mwl dg F¥ATE A9 T #Agle] Ak
7b A 2AE AL @A77 A 37EE I (Table 23). 7 g =g B
A T ApolE wolA GRAN AgA el AnbH o Abgheke] F2 A
FolAth(Table 23). ol&f et B> A4 47/1d Fol ZASIAT Aapell M= FASH
A e daAe e ot Aes 2 H g Ao Aol vlete] v |
A= Ao yepdt @ gAY w4 Tk Abol= 2-471d e A7
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Table 23. Effects of charcoal treated paper bags and calcium treatment on fruit
quality parameters during 2 months of low temperature storage in

'Niitaka' pears.

” Firmness Soluble solids Tltrgtgble External
Treatments acidity appearance
(N) (°Brix) (%) (Index; 1-5)
Untreated
Roll paper 240 b’ 113 a 0.09 a 35 ¢
Activated charcoal 235 Db 11.1 a 0.07 b 39 Db
Nano-Ag charcoal 23.6 b 109 a 0.09 a 42 Db
Calcium treated
Roll paper 255 a 112 a 0.10 a 3.8 bc
Activated charcoal 25.6 a 11.1 a 0.10 a 41 Db
Nano-Ag charcoal 26.5 a 109 a 0.08 b 45 a

“0.1% calcium citrate solution with 0.1% ascorbic acid were sprayed at 40 days after

full bloom in 2007. Fruits were bagged with each paper bag after calcium spray and

harvested on 165 DAFB. Fruits were stored at 1°C after 7 days of delayed cooling.

YMean separation within columns between shelf life temperature by Duncan's multiple
range test, 5% level.

Table 24. Effects of charcoal treated paper bags and calcium treatment on fruit
quality parameters during 4 months of low temperature storage in

'Niitaka' pears.

Treatments® Firmness Soluble solids Tgé‘?&?tt;}e a}:]f}’))(églrgi{:e
(N) (°Brix) (%) (Index; 1-5)
Untreated
Roll paper 261 b’ 12.2 ab 011 a 27 b
Activated charcoal 249 b 11.6 ¢ 0.09 b 34 a
Nano-Ag charcoal 246 b 120 b 0.09 b 34 a
Calcium treatmented
Roll paper 241 b 12.6 a 0.09 b 29 b
Activated charcoal 257 b 114 ¢ 0.09 b 3.0 ab
Nano-Ag charcoal 30.0 a 11.2 ¢ 0.09 b 3.3 a

’0.1% calcium citrate solution with 0.1% ascorbic acid were sprayed at 40 days after

full bloom in 2007. Fruits were bagged with each paper bag after calcium spray and

harvested on 165 DAFB. Fruits were stored at 1°C after 7 days of delayed cooling.

YMean separation within columns between shelf life temperature by Duncan's multiple
range test, 5% level.
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Table 25. Effects of charcoal treated paper bags and calcium treatment on fruit

color during 2 months of low temperature storage in 'Niitaka' pears.

* * *

Treatments” L a b he
Untreated
Roll paper 62.67 a’ 7.76 a 39.01 a 78.78 ¢
Activated charcoal 62.11 a 7.24 ab 38.76 a 79.44 bc
Nano-Ag charcoal 61.47 a 6.13 bc 38.75 a 81.08 ab
Calcium treated
Roll paper 6211 a 6.40 bc 38.53 a 80.61 abc
Activated charcoal 62.53 a 6.00 bc 38.33 a 81.17 ab
Nano-Ag charcoal 63.07 a 5.67 ¢ 38.05 a 81.54 a

’0.1% calcium citrate solution with 0.1% ascorbic acid were sprayed at 40 days

after full bloom in 2007. Fruits were bagged with each paper bag after calcium

spray and harvested on 165 DAFB. Fruits were stored at 1C after 7 days of

delayed cooling.

YMean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.
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Table 26. Effects of charcoal treated paper bags and calcium treatment on fruit

color during 4 months of low temperature storage in 'Niitaka' pears.

* * *

Treatments” L a b h°
Untreated
Roll paper 61.24 a” 8.30 a 38.66 ab 77.90 b
Activated charcoal 6191 a 793 a 38.37 abc 7833 b
Nano-Ag charcoal 62.65 a 8.38 a 39.01 a 77.88 b
Calcium treatmented
Roll paper 62.35 a 7.50 ab 38.11 bc 78.88 ab
Activated charcoal 60.67 a 6.57 b 38.80 a 80.40 a
Nano-Ag charcoal 61.94 a 7.31 ab 37.86 ¢ 79.08 ab

?0.1% calcium citrate solution with 0.1% ascorbic acid were sprayed at 40 days

after full bloom in 2007. Fruits were bagged with each paper bag after calcium

spray and harvested on 165 DAFB. Fruits were stored at 1C after 7 days of

delayed cooling.

"Mean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.
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Table 27. Effects of de—bagging storage with or without PE film and newspaper

covering of container boxes on the fruit quality factors during five
VA

months of low temp. storage in 'Niitaka' pears

Firmness TSS T. Acidity Color difference
Treatment”
(N) (°Brix) (%) L a b
After 3 months of storage
Bag with stalk 98 ¢ 121 a 0100 a 114 b 246 a 523 a
Bag without stalk 10.7 ab 116 b 009% a 115b 21.0b 505 a
+ PE 112 a 108 ¢cd 0100 a 115b 204 b 515 a
+ newspaper 113 a 110 ¢ 009 a 117 ab 196 b 499 a

De-bag without stalk 104 bc  12.1 a 0103 a 116 b 209b 517 a
+ PE 111 a 10.7 d 0100 a 118 a 194 b 50.6 a
+ newspaper 110 ab 108 ¢d 0093 a 117 ab 181 b 505 a

After 5 months of storage

Bag with stalk 114 a 12.5 a 0124 a 110 b 216 a 505 a
Bag without stalk 110 a 119 b 0104 ¢ 111 ab 214 a 503 a
+ PE 109 a 11.7 bc 0099 ¢ 114 a 231 a 513 a
+ newspaper 108 a 11.7 bc  0115b 111 ab 221 a 510 a

de-bag without stalk 11.1 a 12.3 a 0127 a 112 a 228 a 517 a
+ PE 11.0 a 111 d 0117 ab 113 a 221 a 500 a

+ newspaper 10.8 a 114 ¢ 0.109 bc 115 a 217 a 511 a

“Samples were harvested on Oct. 15, 2005 in the private orchard of Sunghwan,
Cheonan.

"Fruits were stored directly on the day of harvest in the container boxes, the
five sides covered with or without polyethylene film (0.03mm) and newspaper at
90% RH and 17C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.
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Table 28. Effects of de—bagging storage with or without PE film and newspaper
covering of container boxes on the appearance and physiological

disorders during five months of low temp. storage in 'Niitaka' pears”.

Appearance Skin contami Skin blacke- Skin blacke- Light black Pithiness ~Core break-

Treatment” , , , ,
(Index, 0-5) -nation (%) ning (%) ning (Index) -ening (%) (%) down (%)

After 3 months of storage

Bag with stalk 34+0.1 14.7¢6.2 14.7¢6.2 1.8404 29129 29429 20.617.0
Bag without stalk ~ 3.3£0.1 2.5+2.5 15.0#5.7 1.8+0.5 7.5+4.2 25425 30.0£7.3
+ PE 3.5+0.1 2.3+2.3 22.7+64 22404 6.843.8 4.6£3.2 20.5+6.2

+ newspaper 3.5+0.1 24424 171459 1.7404 24424 24424 244168

de-bag without stalk 3.5+0.1 4.4+3.1 8.9+4.3 1.0+0 0 44+31 40.0+7.4
+ PE 3.5+0.1 0 11.6+49 1.6+06 23+23 0 13.945.3
+ newspaper 3.620.1 0 49+34 1.0+£0 0 0 17.1£5.9

After 5 months of storage

Bag with stalk 3.2£0.1 13.3%6.3 15.8+6.0 2.0+0.4 3.3+3.3 6.744.6 28.9+7.5
Bag without stalk ~ 3.24#0.1 12.5#59 12.5#5.3 1.840.5 3.1£3.1 12.5+59 32.5+7.5
+ PE 3301 9.7+#54 333+7.6 22403 32432 97454 20.5+6.6
+ newspaper 34+0.1 2.8+2.8 182459 23403 2.8+2.8 16.7+6.3 47.7+7.6
de-bag without stalk 3.5+0.1 9.745.4 7.7+43 2.0+£1.0 3.2432 6.544.5 35.9+7.8

+ PE 34+0.1 11.4455 163+5.7 19403 57+4.0 8.6+4.8 16.3+5.7

+ newspaper 3.3+0.1 11.14#5.3 22.7+64 23405 2.8+28 5.643.9 31.8+7.1

“Samples were harvested on Oct. 15, 2005 in the private orchard of Sunghwan,
Cheonan.

"Fruits were stored directly on the day of harvest in the container boxes, the
five sides covered with or without polyethylene film (0.03mm) and newspaper at
90% RH and 17C.

*Data were the average of 38—45 fruits with SE.
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Fig. 7. Treatments: Control, PE, charcoal paper, news paper (from the top left)



A AY Ans vgoR AHoUE 5 AHEse o % PE filmel 10%¢]
TS Bol @S Folahala Fol (% 395mm, roll paper) EWol dWow &
Aebe Agstel AdoldE dHatmnA v|Ee] AEA I H fd ] &
A RS gAEy] 98 s AEFAH(Fig. 7).

ARARE a9 8ol HH A% 3 § A AR BE I EA A
FAE T wte] 22 ArE FAGL YA THEAATHE B AT FA
el wate] vha w2 AFgolnh. I AEe] vy ovjdte MAAR 4
Legbe A guAgelA £ Aoz deison 53 744 ol LA
e vhe I dEA S8 A vkEe

A9 FAETFAAE 67%, AEATE

< 3497 A TAHN oW PEA YT = A BASA &9k, PE 10% 7E S
W A9-(PEP)= 3.3% SA4@A T Fol& A&EF Ago= 4522 A YEhy
THES WAsE a3yt A Fol # PEPAAE foletA dYebwt F3
2l Aol 93 FAASE PE, PEP, A FololA EA A FH et
& 2 2AE A
Fpdol g e oA Feor RS Eskel AT A
TG HAFE 42-64709] RES *}ﬁo}oﬂt} HI A5 g, AEA T I
H7F b B EC] Yol 79 RS BYla UvA AT 15-22%% HalF
o TAES BeY A9 S 4L Tﬂrﬂ*ol 11%, A4 8% o3&
oM we WAES Wi PEATE IVE S THE AT A=
20-21%°] ¥4 F& SAES Btk Fojo] TAL vlg Ao AEX| ] 3%
£ Algletar Aol wAEA Gtk AR or 2 Al A HEsd 24
gz Fole] A9 FW gl dFolo TS fFofsiA AAlste aiE Wof
o] oJ el aHA Aow A ATH(Fig. 9).

gy R e 2ARE 23E 1Y eRaT)eke] HFo]l 7 A" PE A
glaell A St 2=ARE s e A PEA S 19%, PEP AP 25%%
SkaL A, A # 2 o7t 30-34% = FAFSAl WERSTH(Fig 9).

g e Fole] adry Fob= vtz A el FAHeR
ZALE A

j&
JN
L:Ol‘ O N

~r



...CMW o MW o wm
wm z m.m Z mm
58 - s | R "
= _ ‘@n w I
1§ ; e
" ; 1x_hm 1 ; " i ,M._L anjeA .,_u i ? 7 ﬁowe xowc_ i o
ag >3 g3
£ s |35 s |55 S &
£ <? 27
> . g b 88
e | B 3 — 5
” M”c wmeE_“ ) © ° Cov b_v_w.< ° ° i (%) @duaprou|

Fig. 8. Comparison of fruit quality among various storage treatment during
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e gl= ey olzds AAsa Atk(Fig. 10). A¥E HHEL F&8
SkgEol Foldtrol xAFHo] AdAVT A2AGE AW F AHH FEAAS
AAA Ak wje] FEol= w5 A of 20-30947ke] V|3te] 2aHER AA,
FE& B AREI T oS EN, g ad, dads 5 Ao 2l
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Fig. 10. Cleaning chamber for sanitation of pears using air pressure
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Fig. 11. Picture of UV or Os treatment
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FA A A AN F LG A 2AS A, LEAYE tdh A
2 wel Muy w9 2L AY Fol ARl wol wAAAT. A%
N Fol UVAE AdE molX Fgomz UVALEL BrIhe SR 53
she Aol whgral sheka AL QEH(Table 30).

Table 29. Effects of UV—C and ozone on the fruit quality factors during four

months of low temperature storage in 'Niitaka' pears”.

Wt. loss  Firmness TSS  T. Acidity Color difference
Treatment” . _ .
(%) (kg) (°Brix) (%) L a b
Before storage
Untreated - 1.122 10.9 0.093 115 17.8 50.8
After 2 months of storage
Control 481 a* 1108 ab 118 a 0.158 a 114 a 235 a 528 a
uv-C 471 a 1199 a 122 a 0177 a 114 a 209 a 512 a
Ozone 519 a 1.064 b 119 a 0155 a 114 a 223 a 515 a
After 4 months of storage
Control 6.60 a 0.927 ¢ 119 a 0.084 a 113 b 227 b 524 b
UV-C 553 a 1190 a 119 a 0.077 a 112 a 237 a 579 a
Ozone 627a 1086b 118a 0084a 113b 2f5 534D

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YUV—C and ozone were treated in the chamber equipped with lamps for 5 min at
R. T., and stored in the paper boxes at 90% RH and 1C right after treatment.
*Mean separation within columns and same investigated date by DMRT at 5%
level.



Table 30. Effects of UV—C and ozone on the appearance and physiological

disorders during four months of low temperature storage in 'Niitaka'

pears”.
Treatment’ Appearance Pithiness Core break- Decay
(Index, 0-5) (%) down (%) (%)
Before storage
Untreated 4.8 0 0 0
After 2 months of storage
Control 44 " 0 5.0£5.0" 15.048.2
UV-C 46 a 0 5.0£5.0 0
Ozone 45 a 10.0£6.9 30.0+£10.5 0
After 4 months of storage
Control 34 a 30.0+£10.5 35.0+£10.9 15.0+8.2
UV-C 34 a 40.0£11.2 30.0£10.5 15.048.2
Ozone 35 a 35.0+£10.9 40.0+11.2 15.048.2

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YUV—C and ozone were treated in the chamber equipped with lamps for 5 min at
R. T., and stored in the paper boxes at 90% RH and 1C right after treatment.
*Mean separation within columns and same investigated date by DMRT at 5%
level.

“Data were the average of 20 fruits with SE.
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Table 31. Effects of UV—C and ozone on the fruit quality factors during four

months of low temperature storage in GA—treated 'Niitaka' pears”.

Color difference

Treatment’ Firmness TSS T. Acidity
(kg) (°Brix) (%) L a b
Before storage
Untreated 1.236 10.9 0.109 117 17.5 50.8
After 2 months of storage
Control 1.248 a 124 a 0.157 a 112 a 266 a 506 a
UV-C 1.195 a 120 a 0.158 a 115a 243 b 497 a
Ozone 1.292 a 11.7 a 0.152 a 113 a 256 ab 503 a
After 4 months of storage
Control 1.293 b 11.6 a 0.097 a 112 b 264 a 517 a
UV-C 1.365 ab 111 a 0.102 a 114 a 257Db 517 a
Ozone 1.388 a 115 a 0.109 a 111 b 267 ab 515 a

“Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,

Chonan.

YUV—C and ozone were treated in the chamber equipped with lamps for 5 min at
R. T., and stored in the paper boxes at 90% RH and 1°C right after treatment.
*Mean separation within columns and same investigated date by DMRT at 5%

level.
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Table 32. Effects of UV—C and ozone on the appearance and physiological

disorders during four months of low temperature storage In

GA—treated 'Niitaka' pears”.

Treat o Appearance Pithiness Core break- Decay
reatmen
(Index, 0-5) (%) down (%) (%)
Before storage
Untreated 4.8 0 0 0

After 2 months of storage

Control 45 a* 10.0£6.9" 0 15.048.2

UV-C 45 a 5.0£5.0 0 15.048.2

Ozone 44 a 0 20.0+9.2 0
After 4 months of storage

Control 34 a 30.0+6.9 20.0+9.2 15.048.2

UV-C 34 a 25.0£9.9 25.0+£9.9 15.048.2

Ozone 34 a 38.5+9.7 38.5+9.7 20.049.2

’Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,

Chonan.
YUV—C and ozone were treated in the chamber equipped with lamps for 5 min at

R. T., and stored in the paper boxes at 90% RH and 1C right after treatment.
*Mean separation within columns and same investigated date by DMRT at 5%

level.
“Data were the average of 20 fruits with SE.
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Fig. 13. Comparison of fruit quality between UV—C and ozone sterilization

treatment during 25 days of

marketing in 'Niitaka' pears.
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Fig. 14. Comparison of physiological disorders between UV—C and ozone
sterilization treatment during 25 days of storage and 5 days of

simulated marketing in 'Niitaka' pears.
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Fig. 16. Occurrence of physiological disorders between UV—C and ozone
sterilization treatment during 25 days of storage and 5 days of
simulated marketing in 'Niitaka' pears stored two months in low
temperature.
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Fig. 18. Ability of moisture absorption by several absorbents.
CTR: untreated, ES: ethylene scrubber, AC: activated

charcoal, CC: carbon ceramic, SG: silica gel.
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Fig. 19. Comparison of fruit quality among various absorbents during 40 days of
storage and 5 days of simulated marketing in 'Niitaka' pears. CTR:
untreated, ES: ethylene scrubber, AC: activated charcoal, CC: carbon

ceramic, SG: silica gel.
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40 days of storage and 5 days of simulated marketing in 'Niitaka'
pears. CTR: untreated, ES: ethylene scrubber, AC: activated charcoal,
CC: carbon ceramic, SG: silica gel.
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Fig. 21. Comparison of fruit quality among various pad treatment during three

months of storage in 'Niitaka'.
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II. W9 ¥ A3 2EH2Ad s F3

1. 1-MCP 2 olgddAxs} Ane) AF F A3 2 T wNE 9%

v apAol A iAo w2 wAlehs 35, daldw 9 oA el HadE
o] A EL w3lo BHEE FHonE HHEFoR w3EE o'y 7
HE AS F el ddae 229 s AHAR] FFS v AFEA A
dea#dl AAE FAA 7 dv AoZ HrlEm Qi (Van Eijden, 1992). =1

g 3 AYA EAo] wgulet tEw 53] FdulelAx
FEo wEt e AFYES SF T HHe HolE Holmg 2luE HlRe
Ul Au) FFel HEsh7] oE Aol Ath(Cheng® He, 1993; Itai 5, 1999,
Ning %, 1997; Ohkawa 5, 1998; Saltveit, 1999; Satoh %, 2000; Tian 5, 1992;
Wei %, 1994; Yang %, 1997). 1-MCPE o€ Al &g oA A= ojn] Al#S H]E3H
AR e glon Syt E B A7 Wa Fel vk 2 A
A= g 100 ppm 2 1-MCP 1000 ppb A 2|7} Ala o] 3 F4 2 A
Ho] ukao] ojw A QJaksl=xS Avlwuzt AAE T

I g §E
o 2 o @

{0

[¢]

Haz7)o S FEste] M 3 30L Eo] ZEtaE Aoy Qi Ao
A dedl 2 1-MCPE 6A13F HElst & Ua5S 7&5ste] 37|27 & 15kg
A3

o Folvtad] ol 2193k 1Ce] AT F #Asein),

il

A Aedsle] LA dAs auE Hol I
FrolatAl AAHAL vigrEolo] Aol M YA ot

23 100ppm A&+ 13.3%7F vtdEo] &
F22] 33%, oAEA 47%) Bt 1-MCP A&+
=9 w- E3Ao]AH(Table 34).
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Table 33. Effects of ethylene and 1—MCP on the fruit quality during two

months of storage in 'Niitaka' pears.

) ) . Titratable
Weight loss  Flesh firmness soluble solids o
Treatment acidity
(%) (N) (°Brix) (%)
Before storage
Untreated - 11.1+0.4° 10.9+0.1 0.09+0.00
2 months after storage
Control 5.4+0.2 10.2+0.7 11.940.1 0.10+0.00
CoHy 100 4.6+0.8 10.7+0.8 12.240.1 0.08+0.00
1-MCP 1000 5.1+0.4 10.2+0.7 11.940.1 0.09+0.00
? Data were the average of 20—38 + S.E.
Table 34. Effects of ethylene and 1-MCP on the skin color development
during two months of storage in 'Niitaka' pears.
Treatment L a b h°
Before storage
Untreated 114.5+1.1% 17.7+0.5 50.7+0.6 70.8+0.4
2 months after storage
Control 113.2+0.4 21.8+0.4 51.0+0.5 66.9+0.5
CoH, 100 112.8+0.6 23.7+0.6 51.2+0.7 65.2+0.5
1-MCP 1000 114.2+0.9 22.2+0.4 51.1+0.6 66.4+0.3

? Data were the average of 20—38 + S.E.



Table 35. Effects of ethylene and 1—MCP on the physiological disorders and

respiration rate during two months of storage in 'Niitaka' pears.

Core
Light browning Pithiness Respiration
Treatment breakdown

Index(0-5) Incidence(%) Incidence(%) CO> Product(%)
Before storage

Untreated - - - 0.81+0.09"
2 months after storage

Control 0.9+0.3 8.3 33.3 0.731£0.01

CHy 100 1.5+£0.4 13.3 46.6 0.75£0.03

1-MCP 1000 0.3+0.1 0.0 7.1 0.64+0.01

? Data were the average of 20—38 + S.E.
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A 2 § 2ARE A3 A 3 T 69.1%7F S FAskL U A
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A e
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Fig. 23. Wound fruit (left) and healed fruit (right)
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Table 36. Effects of physical damage on the fruit quality factors during four

months of low temperature storage in 'Niitaka' pears”.

Damaged Damage Firmness TSS  T. Acidity Color difference

Treatment’ fruit (%) (Index) (kg) (°Brix) (%) L a b
Before_storage
Untreated 1.122 10.9 0.093 115 17.8 50.8

After 2 months of storage

Sound - - 1224 2 115a 0.092 a 116 a 205a 513 a

Damaged  69.1#7.2" 2.0+02 1236 a 113 a 009 a 114a 217a 502a

After 4 months of storage

Sound - - 1134 a 117 a 0103 a 114 a 21.6 a 50.0 a

Damaged 426168 1.9+0.2 1.089 a 115 a 0100 a 111 a 223 a 51.7 a

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

"Fruits were treated with rolling damages on the fruit sorting line (1.2m
distance, 5° slope) and stored in the container boxes with net covers at 90% RH
and 1C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.

“Data were the average of 60—63 fruits with SE.



Table 37. Effects of physical damage on the appearance and physiological
disorders during four months of low temperature storage in

'Niitaka' pears”.

Appearance  Skin blacke-  Pithiness Core break- Core break-

Treatment” (Index, 0-5) ning (%) (%) down (%) down (Index)
Before storage

Untreated 4.7+0.1" 0 0 0 0
After 2 months of storage

Sound 3.540.1 12.545.3 0 11.14£5.3 1.0£0.0

Damaged 3.2+0.1 26.216.9 4.843.3 33.3t7.4 1.4+0.2
After 4 months of storage

Sound 3.310.1 14.317.8 4.844.8 23.849.5 1.5£0.2

Damaged 3.0£0.1 22.245.7 11.144.3 31.5+6.3 1.5+0.2

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YFruits were treated with rolling damages on the fruit sorting line (1.2m
distance, 5° slope) and stored in the container boxes with net covers at 90% RH
and 1°C.

*Data were the average of 20—63 fruits with SE.
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Fig. 24. Effects of 1-MCP treatment on the fruit quality during one month of
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Fig. 25. Effects of 1-MCP treatment on the physiological disorder during one

month of simulated exportation in mechanically damaged 'Niitaka' pears.



I

A Z3f ] v A=

T ¥4 %

1l o]

9]

ARE R

KR
=

A

ol

213 vl 5717F 104

o
oF
il
N

o]
HH

2
L

H He=

1803

ds A

2}
2}

!

il

el

s

K

1
R

= Al el A

el
=

BR
—_
file)

2
oy
ot

olo
G

<

p—

1w}
<]

o}

—

)

—

cy
ol
o
]

—

7
4

M

—

8Tl A 3¢

o3
T

3|
e

[ B

1Cell A%

o3
T

7}
ko3
%

%]
T 9 oz
ATt

Q)
=

oA 3

o
El
K
ey
T

il

—

14 &3 bpE 1°Co A

S

=
=

T7F 7 kAl 4Col A 34

s

1Coll A%

of 12TCelA 3%

B

=)

stoktt

A7 S o7 =gk 7e 9

Holxl exgkort 8TeA 32

i3

1Cell A%

A7 Aol

s

—

=
=

o]

o] At} (Table 38).

601:

FASHE 7

|

o] AW 12C Mol A wAEo] vhe oz vehth 4% 29 24

£
HH

=
=

=4

g e Aol 744 dsEtda A 47

8

27} WA

I~
RN

& HW 4, 8T

5 24w

o= Ax4ar7l4d

la¥al



Eo] Wkttt (Table 39).

Table 38. Effects of temperature acclimation on the fruit quality factors during

four months of low temperature storage in 'Niitaka' pears”.

Firmness TSS T. Acidity Color difference

(kg) (°Brix) (%) L a b

Treatment”

After 2 months of storage

No acclimation ~ 1.033 ¢* 124 ab 0.084 b 113 a 234 a 462 a
3 days at 4T 1225 b 118 b 0.081 b 112 a 239 a 472 a
3 days at 8C  1.296 ab 12.7 ab 0.080 b 113 a 235 a 484 a
3 days at 12C 1.397 a 13.1 a 0.096 a 113 a 237 a 470 a

After 4 months of storage

No acclimation 0.849 ¢ 116 b 0.091 b 112 a 239 a 513 a
3 days at 4T 1.131 a 116 b 0.097 ab 111 a 224 a 500 a
3 days at 8C  1.006 b 123 a 0.100 ab 112 a 224 a 50.7 a

3 days at 12C  1.170 a 115 b 0.114 a 112 a 239 a 514 a

“Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YTemperature acclimation treatment were conducted after 5 days of room
temperature cooling after harvest and then, acclimated at each selected low
temperature for 3 days and finally stored in the container boxes at 90% RH and
1C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.
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Table 39. Effects of temperature acclimation on the appearance and physiological

disorders during four months of low temperature storage in 'Niitaka'

pears”.

Treatment” éﬁg:ira(i;; Skri?n;le(i;l;e- Pitl(l(;)rl)ess C;Orsv I‘:)r(eozl;— D(e(;)e;y
After 2 months of storage

No acclimation 44 b 24.0+8.7" 10.0+6.9 4.0£4.0 4.0+4.0

3 days at 4TC 47 a 0 8.0+5.5 4.0£4.0 4.0+4.0

3 days at 8T 4.5 ab 0 0 8.0£5.5 4.0+4.0

3 days at 12C 45 ab 0 0 0 8.0£8.0
After 4 months of storage

No acclimation 35 a 10.0+6.9 80.0+9.2 80.0+9.2 15.0+8.2

3 days at 4TC 34 a 10.0+6.9 45.0+£11.4 50.0+11.5 15.0£8.2

3 days at 8T 35 a 5.0+5.0 50.0+11.5 50.0+11.5 15.0£8.2

3 days at 12C 3.6 a 5.0+5.0 40.0£11.2 75.049.9 10.0+6.9

Samples were harvested on Oct. 15, 2005 in the private orchard of Seonghwan,
Chonan.

YTemperature acclimation treatment were conducted after 5 days of room
temperature cooling after harvest and then, acclimated at each selected low
temperature for 3 days and finally stored in the container boxes at 90% RH and
1C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.

“Data were the average of 20 fruits with SE.

g B sl AR E FXA1717] fske] Agstar Sl AMRR =S
AE Mgt Aae glo] 2% £3AgE 3 HA 9 1 2EY 2 g AFS
AARE A3, ] A oz § 4Tl 3d A3t § 10 A 371 7H

EOkAL T A Rbell= & AfolE HolA| 3tttk (Table 40) A & A
%}@Et o F AL FA0] AAY 8T R 12T AgolM THE] w2 Ao

Z YEFSTH(Table 41).



o Ane FHHW £

+ 1
Are §A5e] Aean olF 1T2 exg Wele o] viatxsy
76] =i

ot
)
g0
o
2
X
=
fu
rlo
k1
Ll
=
Ak
rir
oy ¢
o
-
rir

7VeteE Ao AlgE

Table 40. Effects of temperature acclimation on the fruit quality factors during

four months of low temperature storage in GA-—treated 'Niitaka'

pears”.
S Fir(rlx(xg)ess (o,lsisx) T /?()Zi) dity Color difference
L a b
After 2 months of storage
No acclimation 1.276 a* 119 a 0.169 a 113 a 259 a 507 a
3 days at 4TC 1.316 a 116 a 0159 ab 115a 250a 511 a
3 days at 8T 1.190 a 11.6 a 0148 bc 115a 249 a 494 a
3 days at 12C 1.190 a 121 a 0.143 ¢ 113 a 247 a 483 a
After 4 months of storage
No acclimation 1.310 b* 114 b 0.099 b 111 a 269 a 514 a
3 days at 4T 1.399 a 11.6 ab  0.100 b 112a 259a 515 a
3 days at 8T 1.221 ¢ 115ab 0122a 114 a 244 a 509 a
3 days at 12C 1.301 b 122 a 0115 ab 112 a 267 a 512 a

Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,
Chonan.

YTemperature acclimation treatment were conducted after 5 days of room
temperature cooling after harvest and then, acclimated at each selected low
temperature for 3 days and finally stored in the container boxes at 90% RH and
1C.

*Mean separation within columns and same investigated date by DMRT at 5%
level.
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Table 41. Effects of temperature acclimation on the appearance and physiological

disorders during four months of low temperature storage in
GA—treated 'Niitaka' pears”.
rotment (7 S0 ke P G ke Dy
After 2 months of storage
No acclimation 43 b* 10.0+6.9"  10.0+6.9 40.0£11.2 5.0+5.0
3 days at 4T 48 a 0 8.0£5.5 36.0+9.8 0
3 days at 8T 45 ab 0 0 24.0+£8.7 0
3 days at 12C 45 ab 4.0+4.0 0 4.0+4.0 0
After 4 months of storage
No acclimation 34 a 10.0+6.9  30.0£10.5  70.0£10.5 10.0+6.9
3 days at 4T 35 a 5.0+5.0 30.0£10.5  70.0£10.5 15.0+8.2
3 days at 8T 34 a 5.0+5.0 10.0+6.9 40.0£11.2 10.0+6.9
3 days at 12C 3.6 a 5.0+5.0 40.0£11.2  40.0+11.2 10.0+6.9

Samples were harvested on Sep. 24, 2005 in the private orchard of Seonghwan,

Chonan.

YTemperature acclimation treatment were conducted after 5 days of room
temperature cooling after harvest and then, acclimated at each selected low

temperature for 3 days and finally stored in the container boxes at 90% RH and

1C.

*Mean separation within columns and same investigated date by DMRT at 5%

level.

“Data were the average of 20—30 fruits with SE.
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e T Aggs TAES L2 fFedas HAEC] A 2AEAE 3
A5, G540, vigEole AL {FE2E 9 FEUTte] TUEFE HAE
F7veke Adgoldar Fojabe] whge 10CoA 58 A% 10U A3 Ays)
A 9k=d 30C F%579 Aol 104 %5 F 10%2 HAES HATH(Table
44). ¢kE Ao S ARG AW FEREVF 2 A9 5Ue B E
wAsHA "Wolx] gFEAe] Wolzl Ao vErson 10UFed= A7 2.0 o]st=
AT AEANS AASEE(Table 44, Fig. 26) 30Co FExAdAE 59 o)A
FEA7IE A& A7t & o2 AR

Table 42. Effects of shelf life temperature on fruit quality parameters during 10

days of simulated marketing in 'Niitaka' pears’.

shelf life Weight loss Flesh firmness Soluble solids Titratable acidity
temp. (C) . S 0
(%) (N) (°Brix) (%)
Before shelf life
- 223 11.3 0.10

5 days after shelf life

10 06 20.8 a 11.5 ab 0.08 bcd
20 1.2 bc 212 a 11.4 ab 0.07 d
30 1.1 bc 21.7 a 11.4 ab 0.07 cd

10 days after shelf life

10 0.9 bc 219 a 11.8 a 0.09 a
20 1.6 b 20.1 a 11.6 ab 0.08 abc
30 28 a 195 a 113 b 0.08 ab

"Treatments were conducted to the fruits exposed two months of storage and 30

days of simulated transportation with the paper boxes containing 5kg at 1C.

YMean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.



Table 43. Effects of shelf life temperature on the changes of skin color during

10 days of simulated marketing in 'Niitaka' pears”.

shelf life . . .
temp. (C)

Before shelf life
60.36” 9.17 36.88 76.08

5 days after shelf life

10 61.52 a’ 9.07 b 3723 b 76.33 a
20 61.00 ab 9.30 b 3714 b 7598 a
30 60.63 ab 10.29 a 3724 b 7456 b

10 days after shelf life

10 60.72 ab 9.77 ab 38.27 a 75.68 ab
20 61.00 ab 9.47 ab 37.35 ab 75.77 ab
30 60.28 b 10.32 a 37.59 ab 74.67 b

“Treatments were conducted to the fruits exposed two months of storage and 30
days of simulated transportation with the paper boxes containing 5kg at 1C.
"Mean separation within columns between shelf life temperature by Duncan's

multiple range test, 5% level.



Table 44. Effects of shelf life temperature on the occurrence of physiological

disorders during 10 days of simulated marketing in 'Niitaka' pears”.

Light Internal Core

shelf life browning  browning  breakdown Pithiness Decay
temp. (C)
(%) (%) (%) (%) (%)
Before shelf life

44.2+47.3 21421 83.3+5.4 18.845.7 0.0+0.0

5days after shelf life
10 37.547.1 21421 83.3+5.4 25.0+6.3 0.0+0.0
20 45.847.3 14.615.1 91.74£4.0 27.14£6.5 21421
30 50.0+7.5 22422 100.0£0.0 30.4+6.9 0.0+0.0

10 days after shelf life
10 45.817.3 18.845.7 79.245.9 27.1+6.5 0.0+0.0
20 41.747.2 27.1+6.5 89.6+4.5 45.8+7.3 42429
30 67.417.0 30.4+6.9 97.8+2.2 47.817.4 10.9+4.6

"Treatments were conducted to the fruits exposed two months of storage and 30
days of simulated transportation with the paper boxes containing 5kg at 1C.

Data were the average of 54 fruits with S.E.



Table 45. Effects of shelf life temperature on the index of physiological disorders

during 10 days of simulated marketing in 'Niitaka' pears”.

External Light Internal Core

shelf life appearance  browning browning  breakdown Pithiness
temp. (C) Index(1-5) Index(0-5) Index(0-5) Index(0-5) Index(0-5)
Before shelf life
42 0.7 0.0 2.0 0.2
5 days after shelf life
10 39 a’ 0.7 ab 00 Db 2.6 ab 03 b
20 34 b 0.9 ab 03 b 24 ab 03 b
30 24 d 0.8 ab 01b 2.8 ab 04 b
10 days after shelf life
10 3.0 bc 0.7 ab 02 b 19 b 03 b
20 2.7 cd 0.7 ab 0.4 ab 2.7 ab 0.7 ab
30 18 e 1.1 a 0.7 a 31 a 09 a

"Treatments were conducted to the fruits exposed two months of storage and 30
days of simulated transportation with the paper boxes containing 5kg at 1TC.
YMean separation within columns between shelf life temperature by Duncan's

multiple range test, 5% level.



External damage Core breakdown

Fig. 26. External appearance and physiological disorder of the fruits marketed for
10 days at 30C condition.
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Table 46. Effects of inner pads treated with carbon ceramic, zeolite or illite on
fruit quality parameters during 30 days of low temperature storage

and five days of shelf life at various temperatures in 'Niitaka' pears.

) ) Titratable
Treatments® Weight loss Firmness Soluble solids acidity
(%) (N) (°Brix) (%)
Shelf life at 10 T
Untreated 2.0 a’ 233 b 113 a 011 a
Carbon ceramic 1.8 a 23.7 ab 112 a 0.10 a
Zeolite 1.7 a 25.7 a 112 a 0.11 a
Illite 1.9 a 24.8 ab 109 b 0.11 a
Shelf life at 20 T
Untreated 19 a 229 a 112 a 0.09 b
Carbon ceramic 19 a 26.2 a 111 a 0.08 b
Zeolite 22 a 252 a 113 a 0.10 a
Illite 21 a 235 a 111 a 0.10 a
Shelf life at 30 C
Untreated 30 a 227 ¢ 112 a 011 a
Carbon ceramic 27 a 247 ab 111 a 0.10 a
Zeolite 26 a 23.2 be 111 a 0.09 a
Illite 23 a 25.6 a 11.1 a 0.09 a
ANOVA
Temperature(A) i NS NS o
Treatments(B) NS * NS NS
AxB NS NS NS NS

“Four grams of each chemical was treated at the inside of paper pad.

"Mean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.

*NS, =*#x indicate non—significant and significantly different at P<0.5 or 0.1,
respectively, by ANOVA.



Table 47. Effects of inner pads treated with carbon ceramic, zeolite or illite on
fruit color during 30 days of low temperature storage and five days of

shelf life at various temperatures in 'Niitaka' pears.

* * *

Treatments” L a b he

Shelf life at 10 T

Untreated 6213 a’ 6.90 a 38.17 a 79.80 a
Carbon ceramic 62.76 a 6.58 a 38.62 a 80.33 a
Zeolite 61.21 a 717 a 38.40 a 79.44 a
Illite 62.68 a 6.21 a 38.66 a 80.87 a
Shelf life at 20 T
Untreated 63.17 a 733 a 38.63 a 79.27 a
Carbon ceramic 62.57 ab 732 a 39.26 a 79.33 a
Zeolite 62.50 ab 7.58 a 38.90 a 7894 a
Illite 62.06 b 7.10 a 38.05 a 7945 a
Shelf life at 30 T
Untreated 62.87 a 7.23 a 37.67 b 79.17 a
Carbon ceramic 62.35 ab 724 a 38.14 a 79.25 a
Zeolite 62.64 ab 6.83 a 37.88 ab 79.78 a
Illite 62.37 ab 7.57 a 38.28 a 78.83 a
ANOVA
Temperature(A) NS* NS NS NS
Treatments(B) NS NS NS NS
AxB NS NS NS NS

"Four grams of each chemical was treated at the inside of paper pad.

"Mean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.

*NS, =*#x indicate non—significant and significantly different at P<0.5 or 0.1,
respectively, by ANOVA.



Table 48. Effects of inner pads treated with carbon ceramic, zeolite or illite on
physiological disorder incidence during 30 days of low temperature

storage and five days of shelf life at various temperatures in 'Niitaka'

pears.
Light Internal Core Pithiness
Treatments” browning browning breakdown
(%) (%) (%) (%)

Shelf life at 10 T
Untreated - 12.2 @’ 88.9 a 20.0 a
Carbon ceramic - 0.0 b 809 a 19.1 a
Zeolite - 0.0 b 709 a 94 a
Illite - 3.0 ab 712 a 64 a

Shelf life at 20 T
Untreated 0.0 a 6.7 a 88.9 a 133 a
Carbon ceramic 9.7 a 30 a 65.7 ab 246 a
Zeolite 30 a 0.0 a 69.1 ab 19.1 a
Illite 3.0 a 3.0 a 624 b 6.1 a

Shelf life at 30 T
Untreated 378 a 6.7 a 744 a 378 a
Carbon ceramic 155 b 64 a 62.1 ab 252 ab
Zeolite 21.2 ab 3.0 a 721 a 185 b
Illite 158 b 0.0 a 40.6 b 158 b
ANOVA
Temperature(A) o NS NS *
Treatments(B) NS * * *
AxB NS NS NS NS

Four grams of each chemical was treated at the inside of paper pad.

YMean separation within columns between shelf life temperature by Duncan's
multiple range test, 5% level.

*NS, ##% indicate non—significant and significantly different at P<0.5 or 0.1,
respectively, by ANOVA.



Table 49. Effects of inner pads treated with carbon ceramic, zeolite or illite on
physiological disorder during 30 days of low temperature storage and

five days of shelf life at various temperatures in 'Niitaka' pears.

External Light Internal Core Pithiness
Treatments” appearance browning  browning breakdown
(Index”) (Index) (Index) (Index) (index)

Shelf life at 10 C

Untreated 4.0 b" - 0.1 a 1.7 a 03 a

Carbon ceramic 45 a - 0.0 b 14 a 02 a

Zeolite 45 a - 0.0 b 1.0 a 02 a

Illite 45 a - 0.0 ab 1.0 a 01 a
Shelf life at 20 C

Untreated 43 a 0.0 a 03 a 15 a 04 a

Carbon ceramic 42 a 01 a 0.0 a 12 a 04 a

Zeolite 42 a 0.0 a 0.0 a 14 a 04 a

Illite 44 a 00 a 0.0 a 09 a 01 a
Shelf life at 30 C

Untreated 3.9 ab 04 a 03 a 16 a 0.7 a

Carbon ceramic 41 a 02 a 02 a 13 a 05 a

Zeolite 38 b 03 a 02 a 14 a 04 a

Illite 37 Db 02 a 0.0 a 0.6 b 0.2 a

ANOVA

Temperature(A) bl o NS NS NS

Treatments(B) NS NS NS * NS

AxB * NS NS NS NS

Four grams of each chemical was treated at the inside of paper pad.

"Index; O;not good to 5;good.

*Index; 0; sound to 5; severe disorder

"Mean separation within columns between shelf lige temperature by Duncan's
multiple range test, 5% level.

NS, =*#* indicate non—significant and significantly different at 2<0.5 or 0.1,
respectively, by ANOVA.
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gatglet 100mg MES AAE2E Qi vhaste] 1.5ml Frol A (0.1M
HEPES, pH 8.0, 0.1% PVPP, 2% 2—mercaptoethanol) & ¥l ¢4l22] 3k $ A4 o
= AAT T AgAstilth 3 FAE St AEY 7MY GRE s A
Astal FIAME DNA FE=S5 (0.5M NaCl, 100mM Tris—HCl pH 8.0, 50mM
Na—EDTA, 2% SDS)oll Yar 70Co A 108 w3t & 5M K—acetate 120 ulE ¥
o FAEYT AAAE MRS FEA Ya %Y 2—-propanolE ¥ ¥
DNAE HHA71a d4ligste] 278 DNAE FA% F PCR 41 AAEH3
=3

PCRE-A1S Itai & (2005)¢] WHoz A=Y T38 A Hindlll2 3
7Col A 3A17F o] digetiondtal WA ES 1.2% agarose HIA|oA 1 X TAE &=
Ho 7 Hgdtal ethidiumbromide® G} TE. Progenyoll A9 w7 A9 B+
CAPS 7] €] = A skelaL PPACS? cDNA, SYN2F:
5'—GTCACAGAATCAACGATTGA—3'34'SYN2R'

—AGTAGAACGCGAAAACAAAT-3'9 sequenceZ vHlg oz wlA BE 239

22y AAL A HindllIZ digetionst WA ELS 1.2% agarose HiF A 1 X
TAE &Moo 7 Hgstil ethidiumbromide® GMsta UVFstolA ARRlS F 3}
T oupAC giE] #EE Rt oS5 BEE&S JlolaFo AAE AAES

Ald Ay A A FFAA adEddAd {3123 (Genotypes in  high
ethylene producers, AB)2 $Ila vlynl, XA, ZAFS S AL {4
A3 (Genotypes in moderate ethylene producers, aB)o. & A3 Al 3 3+
v, SRk, Al ZH e, S, o meke Aod g ke (GenotyDeS in
low ethylene producers, ab) & WEFSTH Table 50). =7rold&Alld Ay 423 (aB)
o8 ¥ HYHle FEo] R aBP ol AN AE BEQ Alavt abolal
ol WMt RE  ab¥olal A1 AfeE REQ Alaek 7 o] EF aby
olul®E Eslal aBRE FAME OB R i Ao]d AxE U}

e TAE Aot A Y THEFT FTS BT abP SR YEY BF
gd@ldAo] tomz 953 AFS Hist e som A

AfAo g E ANFAHRE g ow o AAE g 5 449 Al

< o] oHAABFA T 2SS Fote] ALl 5w | t
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Table 50. Identification of ethylene synthetic genotype in pear cultivars.

Cultivar ACS1 ACS2 RFLP marker type| C2H4 production
IIREREH — + aB Moderate
Al=] - + aB Moderate
RE! _ — ab Low
A= - + aB Moderate
Al - - ab Low
a3 — — ab Low
3= - - ab Low
kI - - ab Low
Al 31 - - ab Low
7+ v — - ab Low
Z31uj — - ab Low
k= - - ab Low

v) gk - - ab Low

1
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Table 51. Comparison of an error between two areas based on calculated

formula.
An estimated error
Naju Chunan
Year DDRM* DDRM
Regression - Regression -
Day start (=5'CDAT) Day start (=5CDAT)
model model
bday 3day lday bday | 3day | lday
'85 -1 5 5 1
'86 0 4 2 0
'87 -1 5 1 1
'88 -1 6 6 -1
'89 1 3 3 3
'90 5 4 4 4 3 9 2 -1
'91 3 1 1 0 0 4 4 2
'92 1 0 0 0 -1 1 1 1
'93 1 8 8 6 -6 5 5 1
'94 4 5 2 2
'95 4 7 7 6 -3 6 2 2
'96 -3 7 5 4 -9 2 0 -2
'97 2 -2 —4 —4 -6 1 -1 -1
'98 6 —4 —4 —4 3 3 -1 -2
'99 —4 2 —4 -5 —4 2 1 0
'00 -5 5 1 1 -8 11 11 7
'01 0 7 4 4 —4 4 4 3
'02 3 9 9 4 —4 3 3 2
'03 5 2 2 0 0 5 5 2
'04 -5 6 3 1 —4 4 0 0
Range -5~6 —4~9| —-4~9 | —-5~4 -9~4 1~11 |—-1~11| —-2~7

‘DDRM; Daily development rate model
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Fig. 27. An estimated model and growth rate during the periods of rest (left)

and dormancy (right)

Table 52. Development of hourly development rate model for the prediction of

full bloom in 'Niitaka' pear.
Amount of
Condition Development rate
development
t<—6 or
DVR;= 0
t>12
Rest 14273 —
6<t<12 | DVR,= [—o.s{ﬂ DVI; =X
2.533-104+1.671-103¢e 001595\ DVR;
t<b DVR>= 0
Dor—mancy 5.022-1073 ) =
(=5 DVR~ A646:104+ 2= EE T DVIz=2
1+é( 5616 3) DVR:
DVR= DVR pvle= 2
Full llalo.om DVI>2.0 - ’ DVRy
prediction | &l bloom © DVZ=0.9525

% t ! temperature at the exact time of every hour
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DR(DVI) 0.29-0.33 | 0.49-0.53 | 0.60—0.65 |0.65—0.70| 0.70—0.80
DNFB 22-35 12—22 7-15 7-13 3-10
(average) (27-33) | (16—18) | (11-13) | (9—-11) (5—9)

DR: Development rate, DNFB: Days needed for full bloom

Fig. 28. Development rate and days needed for full bloom
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Table 53. Correlation between climate factors during development period and

days needed harvest

Highest Lowest L .
Month Avg. Temp Precipitation Sunlight
Temp. Temp.
30DAFB — 0.17137 — — —0.4578
Late in April | 0.15983 0.03301 0.26876 —0.05940 —0.2760
. 0.38863 0.21334 0.40576 0.26322 —0.3735
April
Early in May| 0.20913 —0.13630 0.38408 0.12423 —0.5651"
Mid in May 0.00248 —0.34450 0.45172 0.04208 —-0.5432"
Late in May | —0.09420 0.14709 —0.38540 0.03302 —-0.1131
May| 0.08282 —0.22910 0.24123 0.12697 —0.4603
Early in June| —0.00020 —0.00290 —0.29780 —0.11080 —0.1981
Mid in June 0.16375 0.30673 —-0.23290 —0.11430 —0.0930
Late in June | —0.14410 0.04203 —0.20800 —0.26490 —0.1485
June| 0.02698 0.21913 —0.33600 —0.33840 —-0.1699
Early in July | 0.15200 —0.09770 0.18361 0.21132 —0.3823
Mid in July | —0.09150 —0.13260 —0.11660 —0.09840 —0.1038
Late in July 0.11435 0.09373 0.13341 0.07129 —0.2405
July | 0.11655 —0.04050 0.10213 0.08952 —0.3064
Early in Aug.| —0.05050 —0.22400 0.11339 0.51470* —0.3637
Mid in Aug. | —0.55760" | —0.62680™ | —0.45630 0.57134" —-0.6955™
Late in Aug. | 0.14453 0.01899 0.20158 —0.04180 —0.3656
Aug.| —0.22340 —0.38760 —0.04490 0.63103™ | —0.5423"
Early in Sep.| 0.33069 0.45542 0.13663 —0.37220 0.08672
Mid in Sep. 0.15204 —0.01130 0.08476 0.05257 —0.2017
Late in Sep. | 0.07825 —0.15970 0.01960 —0.00800 —0.1367
Sep.| 0.22481 0.14859 0.11325 —0.10240 —0.1068
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Table 54. Regression analysis between days from full bloom date to harvesting

date. and climatic factors in young fruit season and August.

The results

Season Independent variable . .
P Ad]usge Probability Parameter

d—R >F estimate

Young  fruit| xZ: Maxium temperature
season for 56days after full 0.3834 0.002
bloom date

intercept: 214.7
x1: —2.0219

x7: sunshined hours during

. . i D 2.
middle in August intercept: 2.7857

1. —0.
Late in July| x2@ maximum temperature | 0.580 0.002 X : 0.0958
. . . x2: —0.0249
during middle in August .
x3 0.013

x5 rainfall amount in August

“Means until 56days after full bloom date



Table 55. Correlation coefficient between temperature in young fruit season and
young fruit season.

Days after Min. || Days after .
il boom | M5 | oy emo) | wll boom | it |

30 —0.2177| —0.4152 | NS 46 —0.4035| —0.6035" NS

31 —0.2312| —0.4617 47 —0.4149| —0.6216"

32 —0.2461| —0.5342" 48 —0.4202| —0.6138"

33 —0.2545| —0.5442" 49 —0.4204| —0.6073"

34 —-0.2692| —0.5338" 50 —0.4245| —0.5953"

35 —-0.2949| —0.5214" 51 —0.4378| —0.5920™

36 —-0.3222| —0.5199" 52 —0.4540"| —0.5937"

37 —0.3453| —0.5196" 53 —0.4708"| —0.6090™

38 —0.3566| —0.5211" 54 —0.4756'| —0.6170"

39 —0.3632| —0.5208" 55 —0.4810"| —0.6335"

40 —0.3724| —0.5372" 56 —0.4849" —0.6449"

41 —0.3768| —0.5566" 57 —0.4739"| —0.6387"

42 —0.3833| —0.5746" 58 —0.4670"| —0.6331"

43 —0.3848| —0.5845" 59 —0.4626"| —0.6225"

44 —0.3826| —0.5853" 60 045797 —0.6117"

45 —-0.3917| —0.5919"
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Fig. 31. Disribution of normal year's harvesting date estimated
by regression model derived from maxium temperature
for 56days after full bloom date.
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Table 56. Changes of fruit quality with growing season( 2005, Naju )

Date Fruit quality
(Month.date) Weight (g) Hardness Soluble solid | Eating quality
(kg/10mmg) | contents (°Bx) (degree)

8.25 441 4.6 9.5 2.4
8.30 459 4.2 9.6 2.0
9.5 409 4.3 9.6 2.3
9.10 489 3.6 9.8 3.4
9.15 485 6.7 9.9 3.6
9.20 537 3.5 10.1 4.5
9.25 604 2.7 10.4 6.5
9.30 623 2.8 10.8 6.4

eating quality : 1(bad)~10(excellent), edible : above 5, good : above 6

o] 7 Ao FAHHA. zoomoﬂL 11.0 onw, 7% 1.2kg/5Smm@o] et
g 78 THE A7 U 99 25~269, HF 9928~29Y o] F- 9l Ro®

2
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dol AREA, AuE NFonadden 5%, A% e FHAI R 57
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Table 57. Air temperature in middle March 2004 on Cheonan province.

4 Huew ek | HAu—7)w AT A XD | A AT A (X2)
3.11 8.8 8 0.8 0.8 0.8
3.12 13.6 8 5.6 6.4 6.4
3.13 14.6 8 6.6 13.0 13.0
3.14 10.3 8 2.3 15.3 15.3
3.15 17.1 8 9.1 24.4 24.4
3.16 21.7 8 13.7 38.1 38.1
3.17 19.0 8 11.0 49.1 49.1
3.18 6.5 8 0 49.1 49.1
3.19 10.1 8 2.1 51.2 51.2
3.20 12.8 8 4.8 56.0 56.0
3.21 17.5 8 9.5 65.5
3.22 15.6 8 7.6 73.1
3.23 16.2 8 8.2 81.3
3.24 13.5 8 5.5 86.8
3.25 13.5 8 5.5 92.3
3.26 17 8 9.0 101.3
3.27 18.6 8 10.6 111.9
3.28 20.2 8 12.2 124.1
3.29 21.6 8 13.6 137.7
3.30 13.6 8 5.6 143.3
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Fig. 33. Difference of full bloom date observed and estimated by regression

model.
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Table 58. Accumulated temperature for fruit ripe and fruit quality at harvesting
date(2007).

Days from
Full (Harve|full bloom|Accumulated|Hard— Soluble | .. wide | length
Cultivar|bloom| sting | date to |temperature| ness | solids |diameter|diameter
date | date |harvesting| (8 Cabove) | (kg) | (Brix) | (mm) | (mm)

date

Niitaka | 4.22 | 9.28 159 2217 1.9 12.5 115 98




Table 59. Estimated harvesting date by developed themometer(2007).

] Haryesting DaYS after Accumulated temperature
Cultivar date full bloom
(month. date) date observed by KMAx*
Sunwhang
8. 27 127 1796.3 1790.6
Hanareum
Shincheon 8. 29 129 1815.0 1827.0
Housui 9. 3 134 1882.3 1892.4
Shinseiki
9. 4 135 1896.7 1905.3
Shinil
Wonwhang
Whangkeumbae
9.7 138 1921.3 1940.3
Josaengwhangkeum
Geumchonjosaeng
Shinseiki 9. 10 141 1950.7 1978.9
KiKusui 9. 11 142 1975.0 1999.2
Kosui
9. 12 143 1989.9 2006.3
Chojuro
Shugyoku 9. 13 144 2004.9 2020.4
Niitaka 9. 28 159 2216.9 2235.9

*KMA : Korea Meteorological Administration.
*Data were collected from Mar. 11, 2007 at Chunan ATC, 2007 .
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