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Fruit Quality of “"Wonhwang’ Pear Trees with

Low-pesticides and In Vitro Regrowth of Stem Cuttings as

Affected by Time of Defoliation

Kim, Byeong-Sam - Cho, Kyung-Chul - Ma, Kyung-Chul - Yun, Bong-Ki -
Jung, Seok-Kyu - Han, Jeom-Hwa + Choi, Hyun-Sug

The study was conducted on the effects of time of defoliation on fruit quality of
pear (Pyrus pyrifolia Nakai) trees, managing with low-pesticides, and regrowth of
stem cuttings in vitro. Treatments included for 40% of uniform defoliation at
early-August, end-August, and early-September, as well as control (no defoliation).
Defoliation at early-September and control increased growth of water sprouts as
well as concentrations of carbohydrates, total nitrogen, and free sugar in one-year
old shoots. Defoliation at early-September and control increased fruit yield and
mean fruit weight, with high soluble solids content and fruit surface color of a*
observed for both defoliation at end-August and early-September. Defoliation at
early-August increased rates of electrolyte leakage in stem cuttings at -18C in
vitro. There were no significantly different for germination rates of the cuttings
between the treatments at -18 and -21°C in vitro, with the highest germination of
the cuttings observed for defoliation at early-September and control at -27C.
Therefore, orchard management should be performed to be minimized for defolia-
tion of the spur leaves until end-August, causing from precipitation and pests.
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1. M =
AP vy 2R WA S wlste] 1994 0l HF Ao WiE 9 A
o F8EE 2AHF FFo|tiHong et al., 2004). ‘Y3 HiE Tha o]2 ZAYFOZ )
7 Zom BdEE oA 4H|TE Hojx FAo] thAh wE ol 1FEA b B EA

B ZEol Al 1717} wolRal A& I o] tKim et al., 1995). Y3 F=A7} Aot £
TPl o4 35‘% oo ZhA ol A= TR FAY o] RIkSE R oH|AE g R
sllof At AE we F ATk e 9 Aee] 99 FEEA 9 A |
W T8 &S g53tEe FAR olsste] AAE o]Fd sistel 7)o FUALE
Az YRR o] &HE T3 gUCE X]'Q-OI-I’_ A THFaust, 1989; Millard and Thomson,
1989; Titus and Kang, 1982). W&tA 48 Q1 &l g Foly s vinpgd 27194
of o3t AR AU EES TAAAA G| o] ofslE & QQoEE AFPRAE
B olol thgk thHlFo] eI ok HT AnAe] JEA AL Fol e A5 =T}
L5 2 F7FIHA, F7HAA AFEEE IEAAA = BalFol SstA WA= A ol =
9ol = g2 dde AFsia Aok
LR = Adrlol]l 4713t Az dgo] A&HW olgAol =i Zg T 78R
o F57t Fas o] Ao A HAYol 8% Wlo] HAL JThFaust, 1989). H
71%2] F43 HelE Qo] z7] Yol HH Ao AeAs] ®ut ofyz) v} HAe o
Aol Fag FFE 71E T JofA A7 Gdo] RAFA A FaFe v
= Aol tig A desith gxhuie A9 Agaee] Ve E AL EFE T A
o] AAoFio] 7H43s I (Choi et al.,, 2002; Park, 2002), ZAAI7]7} o] A2 Bpol
U9 o] 53l /sty Aoy L EUF-9] A (Kliewer, 1970; Lloyd and Firth, 1990)
of @FE FAUTL Btk AT vjuFol JojA HAGFES FYABHHA HGA
7loll W 4G A el et kg Hrlel 3k At wu|g AAo|th ] 5] Wg
4 H7he e A el TTCE Y-S o] &3 3, J8|a Wolg 0] o 85
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o] SITHKim et al, 2010). o1 WY B7h YL olg3hd AGAII AN A%
FEI} Wolgo] TN G HHACR dlZa B 5 oA FHA tF Fal
A e g —? 9,1—% Aoz Az
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FA7EY e A AFEANA 201337 201413 =33 ATE 6
Aol A3k wjUF-E o] &3t FAANLT AHAFHAE ZASAL ol E3lI 2014 2€
of Aol ot A FFE M d FEES HolES AAIAT wiyF-2o] A AA

E 6.0 mx3.0 m(670 F/ha)= YA F38L AR EY 0~10 cmé} 10~30 cm Z o] o]
Al 818 ZAFE# 7L Table 100 AAH AT 7715 FH E<F pH 183l 7|8 FETF
< wuirt Ak s ESFTES YERATHRDA, 2010). EA42 thiE vlARE
YEZ YPFoR vlgrt sk AulEe 6 dA vluF-2 3-8AHIEHRDA, 2010)
of 3l Z=EEN)(0.9%w/w) N, 1.2%(w/w) P, 1.1%(w/w) K)Z had 20,000 kg2 A7+
ZIHIE Bdetatt. AT Fxe $U2AAoR Agsdon Azt 2-3atd o &3}
o EF] SANAA HAo FUEFFE FASIESE FEstAth H3sEy S 57
of A e v A A o] &E = AFA S} AAAE AEeF FEOE 103 WA AT
A7 71T AR A3 FdA et ZAFFAE 249 e 3Y Aol 4
7k 13] Abxst.

Table 1. Soil chemical properties at depths of 0~10 and 10~30 cm in a ‘Wonhwang’ pear

orchard
. -1
Soil depth | pH OM | TN |Av. P05 | Ex Cation (emol kg™ CEC EC
(cm) (1:5) | (g kegh | (2 kg |(mgkg)| g Ca | Mg |(cmol kg')|(dS m™)
0-10 6.8 25 1.4 201 057 | 61 | 157 8.8 039
10-30 6.8 23 13 196 052 | 63 | 16l 9.1 0.36

20139 ARER AHo] Y3t Hot FTHFS AM7IE FARL 4,5, 6, 7, 8, 92 2+t
54.9, 86.5, 83.7, 349.1, 293.2, 88.5 mmo|Y 1 A 307t HHFZES ZH2F 80.7, 96.6, 181.5,

308.9, 297.8, 150.5 mmZ 7] = JTHKMA, 2013). AFZZ o] A3t HHF 5= 114,
19.1, 23.9, 27.1, 28.4, 22.6C oA At 30:d3F B+ ZH2F 13.2, 18.3, 22.4, 25.6, 26.2,
21.9C o] ATHKMA, 2013). AH}7|Zt ¢ AZ3H S v ~ZHF2E o] gt & 3
_l’/%q—

AN = 8Y <8¢ 10¥), 8¢ 3l<=(8¢¥ 25¥), 18] 9¥ A<=(9€ 10¥) F2H9
2 Qgo = APsida, AYstA &S x5 stk AAZA(EZA, SA, A3
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A B8 o 7k AN 4%l A FAS AdAe Sk AGA

S 7Y < Al
A ZAA AR o] oF 50% AAH T AANGH AZEFstEe] G T FEA
Zth= BI(Choi et al., 2002)5 FFarste] Zpiof HIS=3h Q1 oF 40%E A gA g st
At
2. A&

EFR7IAE 42 20139 5€ol AN A 92 EYE 0~10 cm@} 10~30 cm= &
sto] F-A9IE 3NEE O AFH sl wEXNTAHY wHANIIE AFEAL 5—417]—£(RDA,
2012)°l ) AStY 433U EYABRE 2 mmAZ AE Fof FAHSAA EY pHY &

5% (EC; electrical conductivity)©= 1:5(A % : SFF)HLE ZAIAT F71E52 Tyurin
HE o] g5lH T, Hekiel AA L= CNEA] 7| (Variomax CN, Elemental Co., Hanau, Germany)
Z ZA3AT. EYY FEJA4LFS Lancaster 0.2 ZASIH AL, X3 ol 23S ICP
(Inductively Coupled Plasma Atomic Emission Spectrometer, Pye-unicam PU 9000, Pye Unicam
Co., Cambridge, England)Z =73} T}

7HA] AAFo]l AAE ™ 20130 7€ 3090 EFA (AR F9 710] A AAS =
AL SR = Aolgt AALS S5 A HAEAYH(EFHE)E ©]-&3}
7V FAE 7135 S5
2739 1d4 SAE FAE AAst @49 FUIAE 183 fEd =
o] ATEAL EA7IFRDA, 2012)° oAt ST FAE EHEtA 3
E3gt & Kjeldahl o2 AHAAE £243519 3, ammonium vanadatet] &2 Q14+
FAch oleql ZEY Ze 18y vlau|$S Mehlich-3 WHS )83t ICP
(Pye-unicam PU 9000, Pye Unicam Co., Cambridge, England)Z =43ttt f2ld A4S
N85 Y4E2 § 3 HPLC(Spectra Physics 4000, Newport Co., Santa Clara, USA)E ©]&
SHAT.

AL 20139 99 1090 3 & F<l %b , B AAAEE o] 88| A
FT(QoE FASIATE o|F F & A HE WFu At gle 2
292 et A FES BESAT 34-’237],_1 Ao|(FR)% AR (87)> A=
(mm)E AT A4 A A& Al AASA 5 mme] probert FEE 7
SA(TA-XT2, Texture technologles Co., Scarsdale, USA)Z I-FHE=N)E #Z3Ac) o] 3
o] H}EFS 2AEsY] FH G A (Refractrometer, Atago, Tokyo, Japan)ZE 718418 &
ek (°Bx)# AF=A|(GMK-835F, G-Won Hitech Co., Seoul, Korea)Z 714K %)< =433
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o} oA ZARE AAEA|(CR-200, Minolta Co., Tokyo, Japan)E ©]-83F3 1, H2E L*, a*,
b*e] FATL oS 4 g, AN, 1ga FEA S A Tt IAHY S e



AZTE A ]Gl Aser dgule] AAFAR Ao W AR PAE I 473

At
FANA AF g o] 539 2014 2€ol A o] Hlgk 134 JHAE AHE e U
Foll A AFH 3t 30 em (FA o2 ATt AoE AFE 7ol Ho] A2ollA AxE
oF 3T 9] 34S ZHEZ o] -18, 21, -24, 27C E AAII I F 94T T A LS FA
NZT o] F Ao A A FAHEE & Ao Hald FEES oA E)E A
StAtt Asd FEFS H2(20:2C)d A At 7HAE 15413 &9 S/ AA S &
ECEA7 2 Al d &S AR AL, 779 A 2ollA He3t A5 95C oA 30% &
| AT Fol] W dFe 2AEIAH. A d & Aol A o] sl A gl
Zro]l A oA #Ed A HEe A o HL&E Yehd groz A A
ob& Zp7to] A2AE & A2 W FABEe §ctoZ #F3t 7pA| 9] o] ol

FEHR BT 100%E Astth H9HE ¥ 307HA 9] At e R 085
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3. EAIA

3FE 3 72 st AY & 37E FANE Wi e 7R o] AR Ao F4E
A= g Foll A & 107]'7‘]9} 2035 FAR| = Addste] Hit 3WEGF) o= ALkt
59| SAEA-S SAS ZZ 1 (SAS version 8/2, Cary, USA, 2001)2 ©]-&3}o]

07 £33, 95% 454 Duncan’s New Multiple Range TestZ 24 4
A9
X

ot

L 7HA A A3} A ggE vl

SRR o o], a1 A BF AGAIVE B dsE gacke Ade B3
THTable 2). A GAI710 wetA SAAA L SAHCE oA A= 2Fol7t AAAAIRE 8¢
4<=(Early-Aug.) *12]7} 84 O}ﬁ—(End Aug.)olY 99 d<=(Early-Sep.) T+ tZ=(Control)
Bt} Z2)¢] dol7t gal FA7F ok 73] #AHAJT. =A== FA EE} dRiH o7
FEYGl Edste] AAA ol IE EFVF FHH o2 A vehd o2 Ydn.
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Table 2. Growth of water sprout and lateral shoots of a ‘Wonhwang’ pear tree as affected
by time of defoliation in 2013

Timing of fallen Water sprout Lateral shoot
leaves Number Length (cm) | Diameter (mm) | Length (cm) | Diameter (mm)
Early-Aug. 33.4° 114¢ 11.3¢ 109° 10.1™
End-Aug. 36.1% 141° 13.0° 115° 10.5™
Early-Sep. 38.8 148° 13.8° 111% 10.7™
Control 49.2° 168" 14.8° 128" 112"

Y Mean values (n=3) within each column and year separated by Duncan’s New Multiple Range Test (P
=0.05).

194 7k o] grstEd dda 2 fE9 vEE F A
2 =4 YEPGTH(Table 3). Wb AUl A4} gp8tE, I2]3 fEldAd 8] 7=
olF3skE Al717F 88 Bt 7R EEslA o] Fo] HE ALRE Fo

I
] g APl 11dA 7R o 2, 2, vhadls SO IR gl =2

o

1=

-4

5 8Y “

7 RAT ot 89 4w AN} SA 9 EAX AR FLAAN Ao &
529 84 AN(dilution effect)”t 88 ZO2 F7 5w (Faust, 1989), H-Folt-o 4
T Afgzd e Tr4%e] 54577} 3915 UTHChoi et al., 2002). AT 1A )
o ¥ vRE TN AR fo04 A BA Jehdt it gurdz
of e 24 ol AASE ZAA Wol 1= v(Faust, 1989), HAHEIZ A} 194 7}
Ae| Ba Fopo) 748 Aow AztEY.

Table 3. Nutrient concentrations in one-year old shoot of ‘Wonhwang  pear trees as
affected by time of defoliation in 2013

Timing of Macro-nutrients (%) B Free sugar
fallen leaves | T_c T-N C/N P K Ca Mg (mg kg | (ug gh)
Early-Aug. 23.0° 0.58™ | 39.6™ | 0.22™ 1.29* 1.42° 0.39* 16.9° 40.1°

End-Aug. 23.0° | 0.54° | 42.6™ | 023™ | 125" | 125" | 031° 18.3° 48.7°

Early-Sep. 24.7° | 061° | 405™ | 023" | 113" | 122 | 031° 18.3° 49.8%

Control 25.9° 0.68" 38.1™ | 0.25™ 1.15° 1.37° 0.33 23.0° 52.3"

Y Mean values (n=3) within each column and year separated by Duncan’s New Multiple Range Test (P
=0.05).
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2. s o 2 vl

HAANZN7E =2 98 A2 Tok 2Tl A had ZH7F oF 323 34| sz 8
4 Zd?éim?ﬂ 29-30F Hth FAASE 94 UA
HPA 2ok hzTollA Z2F 539 g3} 561 g0 2 =&
bol SAIA 2 Fo4 A= a7t BFEEH A Asdth o] & A7 AL dulle #7114
O]‘/P %Ai}% = ‘:‘r“”él&} 2 AFE 2HES a8k source”t A|A Hol 3
2HNE Aom A4, ol XU 2I|HFor s

I(Kliewer, 1970)9} B3t Wetollty, AT == A GA 7}t
Agloll A 12,5 °BxE 7P wgkom o= <dsku) 1fo He dedd
¢% ATHKim et al, 1995). °]& A7]9] HYgL =5 Fahfze] &
AA GukE Uetlle 2x3dolu 339 o] aEe Al 7
F Aol tkKliewer, 1970). A=+ A8 Ttol] SAHOE {94
zZtol7b b Al ekttt AP == 89 Ao A Gt 36.7 8
(31.0 N)} 99 &<=(32.6 N) A &], Z8]aL thZ&7433.5 N) B} ds A& Aitst .
REAAEE Alxde 8 FASH] ZadFd Ao ZAdA7t e
tl(Bangerth, 1979; Casero et al., 2010; Ferguson et al., 1999), 8¥ <9

2 ZF TH(Table 3)2 AFHEE 77 =3 AL
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Table 4. Fruit vield and quality of ‘Wonhwang' pear trees as affected by time of defoliation

in 2013
o : Fruit size Color parameter
O?ETSH Ttlzild Avg. wt. SSC | Acidity |Firmness
. L:D ORp1 * * *
leaves ha'") (FW., 2)| Length |Diameter ratio (Brix) | (%) ™) L a b

Early-Aug.| 29.1° | 486" | 85.9™ | 982" | 0.88™ | 12.5° | 0.20™ | 36.7° | 65.5™ | 2.59° | 46.6™

End-Aug. | 30.0° | 500° | 82.4™ | 100.0™ | 0.82™ | 13.2* | 0.19™ | 31.0° | 64.7" | 6.64* | 46.0™

Early-Sep. | 32.3* | 539° 84.2™ | 105.5™ | 0.80™ | 13.5" | 021" | 32.6° |64.3™ | 5.32° | 46.0™

Control 33.6° | 561° | 88.5™ | 106.0" | 0.83™ | 13.5% | 0.19" | 33.5° | 64.0™ | 3.07° | 45.4™

Y Mean values (n=3) within each column and year separated by Duncan’s New Multiple Range Test (P
=0.05).

shal ) Le3) bris 22 gho] MU Aol AUAT T o] AL YrhE ot 82
g AQARONA 250% 7P Fola] g H) Te] Gualo] At)w 2] gk
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Fig. 1. Germination of stem cuttings in ‘Wonhwang’ pear trees treated with cold tempera-
ture in 2014,

3. 71zl A Ak4=o] WHIHA

-18C 9 7|z o AbEAdolA Aol Aejd FE2ES 8d A AUt 18% A==
7Hd =3 THFig. 2). o= 8€ e AFA ) sl A 194 A AlEute] 9
INE FEste] FEo fE0] AR oz AyztET AT 21~27C 2 71U 75}l
Ae A A 2ol BAASE FoA Ae Zol7t UERA] eskom, tixTel A= A
«l Afd FEo] AAth Ao BE A5 AW FEFEY Fae IA #EHA

U 257} PolAFER FELS 238 AREHE Ao Hor|= oP‘ﬁE} ol &
o] Al 7HA B} elA A2 FTtel| mE FE2E FUF FEste] d& EAs Bt

gt FEXZA O Z o] &3t= Aol AFAFE =Y & Aty ‘3}314%(K1m et al., 2014)

I8 {5 B Uk Ao Polse AFFo| FUETE Hadte Aol vE
S THFig. 3). -18~21TC 7R ZIH 2= ollA = A2l Ftell fF243 e Afol7t fl3laL, -27C
A= 99 QAT et Tl 90%el 77k Abao] wobgo] FxH Ridof, 8¢ 2
AA A= 70% AT Wolgo] AHEHUT. EsohtFoA o] A7]9 AP FH
o] Zol7} AAE o] olEs|] Ho| wolo}l AErt AAFHJT Y THLloyd and Firth,
1990). A7 ©rslE-S Ao I BT ol o] Fal 27| B oA dS
A3ste] AA AE FY 25~50% HAEE 71Hst= 202 &elX(Kandiah, 1979; Priestley,

&O

mlm
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1981), Aol W& AFerst=dt ddie) G AP &5 L2 Zlo s Addn.
dad &EH2 1ol Aol g Ao HE T 2 A
a7t A TAsH=T wheto], WolE S 22 AWM (regrowth)> Tha 7]3ko] L2
28 FAT Aol 235 Y & JAT SFATHKIm et al., 2014).

H AT dse} 2 o7 Qlste] Astrle] Aot 5 A A Gt
2 ¢ A A ] wdstel A oFstE TP oA kA ALY ZInke &8
A AFd2APE 2750 itk & APE Ssto] ol& Al7Ie HEe 7HA We i
Aol A o] FAEI Hd FFEAL Aol FEFE vIAH olFa Aol AP
& HA2E THASA Astet Aae NAE 8oz FE AT
ol& T3t 84 et AE vintEI ZE3 HF Ee JSAAME FUlee BEd el
o AFHel I HA BEF HAF A #E7t o] FojHof & Zow Ak
A HEQLE 11d3Ee] 2=ARE o] Rl A A GH g7} o] 5l FHAFHolY kel of
He FEFE 71X =R g ko w o Age] aHTh
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Fig. 2. Rate of electrolyte leakage of stem cuttings in a ‘Wonhwang' pear trees as
affected by time of defoliation in 2014.

Different lower-case letters on each datum point indicate significant differences as determined by

Duncan’s New Multiple Range Test (P =0.05).
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120
OEarly-Auz OEnd Aus. BEarly-Sep. B Control
= a aaa a aaa a
S 100 A bbb
; aa
£ 80- .
6'} T T T

-18 21 24
Temperature (°C)
Fig. 3. Germination of stem cuttings in a "Wonhwang’ pear trees as affected by time of
defoliation in 2014.

Different letters above bars indicate significant difference between treatments as determined by
Duncan’s New Multiple Range Test (P =0.05).

V. A L+]

B AFE= Awof £208 ALD APl (Pyrus pyrifolia Nakai) 72 A7 2G4
27} AP E-Y A zhAA AR AR OJHM FEFE A= AE 2AE] 9
she] AAFE AT AIZ1E H A2 E 8E A<, 89 Sk, 99 e A9 dlEHEFAHE)
S 39, HA AoA 40%E FAsiA AdAE st 92 e AFAE ) =
TFoA A Aol F7HEAL 194 7HA 9 gestER ddA a8 fEd ol
M E=A BEEAS A F A A elA RAFF Ha Ao /M w39a, AAT
=9} A4 ot 8Y sk 9¥ e AGA A T =3 8Y AFA =
-18C 9] 7 Z=A A9 Aald FEEC] 7M =T AbSe] Ho} -18TC 9} 21
To] 7IHzAdA HFAE kel zol7 gl 27CoA A= 99 < g9 iz
Tol A AFEe] Wolgo] 71 i—%%kl:} o] wpe} Z-9-oF B Z3h el 91?‘& o] Yd4io] 8
4 e7AE HAas) HES A BT o) FoH o & ZloF AT

O
T
J =
:L ji 2 mo ox
e rlo M H

[Submitted, August. 13, 2015 ; Revised, August. 31, 2015 ; Accepted, August. 31, 2015]
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