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Fruit Productivity and Cold Hardiness as Affected by Fruit Setting
of ‘Wonhwang’ Pear Trees
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Abstract. The study was performed on the effects of crop load of pear (Pyrus pyrifolia Nakai) trees on shoot growth,
reserved nutrients, and fruit production for two years, as well as regrowth of cuttings treated with various cold tem-
peratures in 2012 and 2013. Crop load adjustments included three levels of fruiting; 54 (60%), 90 (100%), and 126
fruits per tree (140%). As increasing crop load from 60% to 140%, water sprout growth decreased, and one-year old
shoot resulted in declined concentrations of total carbon, macro-nutrients, and free sugar. The 140% of crop load
greatly increased fruit yield of approximately 35 tons per ha in both 2011 and 2012 but slightly reduced weight, size,
and soluble solid contents in fruit. However, 140% of crop load increased annual production income to approxi-
mately over 10 million won compared to the 60% and 100% of crop load. Germination rates in the cuttings did not
rapidly decrease up to -20°C in a growth chamber condition. The 140% of crop load decreased germination rates less
than 70% of cuttings grown under -30°C. Amounts of electrolyte leakage in the cuttings under various cold tempera-
tures were not significantly different among the adjustment of crop load.
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Table 1. Soil chemical properties at depths of 0-10 and 10-30 cm in a ‘Wonhwang’ pear orchard in 2011 and 2012.

Soil depth pH EC OM TN Av. P,0s Ex. Cation (cmol kg') CEC

(em) (1:5) (dSm™) (gkg" (%) (mg kg K Ca Mg (cmol kg™)
2011

0-10 6.8 0.41 26 0.16 226 0.63 6.3 1.63 8.9

10-30 6.8 0.38 24 0.14 187 0.54 6.3 1.69 9.2
2012

0-10 6.8 0.40 25 0.14 201 0.57 6.1 1.57 8.8

10-30 6.8 0.37 23 0.14 196 0.52 6.3 1.61 9.1

Ao -A =25, M26d M2 20174
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Table 2. Extension of water sprout and vegetative shoot of a ‘Wonhwang’ pear tree as affected by crop load in average of 2011 and

2012.
Water sprout Vegetative shoot
Crop load (%) Number LFC 1:;1%;}1 Diameter (mm) Lfc I:E;h Diameter (mm)
2011
60 353 a 145b 12.8 ns 98 b 122a
100 353 a 151 a 12.9 ns 108 a 11.1b
140 252D 140 b 132 ns 105 a 11.0b

260%, 54 fruits per tree; 100%, 90 fruits per tree; 140%, 126 fruits per tree.
YMean values (n = 6) within each column and year separated by Duncan’s New Multiple Range Test (P < 0.05). ns, no significant difference.
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Table 3. Mineral nutrient concentrations in one-year old shoot of ‘Wonhwang’ pear trees as affected by crop load in 2011 and 2012.

Crop load (%)’ Macro-nutrients (%) B : Free su_gl;ar
T-C TN CIN P K Ca Mg (mgkg?)  (ngg)
2011
60 242 & 0.67 a 36.1 ns 027 a 1.17 a 225a 0.78 a 12.1 ns 523a
100 226D 0.67 a 33.8 ns 027a 120a 1.93b 0.53 b 12.4 ns 483 b
140 209 ¢ 0.62b 33.7 ns 023 b 1.05b 1.58 ¢ 041c 11.3 ns 46.3b
2012
60 239 a 0.69 a 34.5ns 0.25 ns 1.14b 2.17 a 0.76 a 12.8 a 519a
100 224D 0.65b 343 ns 0.23 ns 126a 1.85b 0.49b 12.1b 48.8b
140 20.6 ¢ 0.62b 33.1 ns 0.22 ns 1.05¢ 1.52¢ 043¢ I1.1c 46.6 ¢

“60%, 54 fruits per tree; 100%, 90 fruits per tree; 140%, 126 fruits per tree.
*Mean values (n = 3) within each column and year separated by Duncan’s New Multiple Range Test (P < 0.05). ns, no significant differ-

ence.

Table 4. Fruit quality of ‘Wonhwang’ pear trees as affected by crop load in 2011 and 2012.

; Fruit size (mm ;
Crop load (%)* (tzriellli") E}V\%’V\; Length ( Dijmeter (O}SSSriCX) Acidity (%) FIH&I;GSS

2011

60 172 ¢ 570 a 92 ns 103 a 125a 0.20 ns 14.7 ns

100 275b 546 b 92 ns 99 b 11.2b 0.22 ns 14.1 ns

140 355a 503 ¢ 91 ns 97b 11.0b 0.24 ns 14.1 ns
2012

60 16.6 ¢ 549 a 90 ns 98 a 12.1a 0.23 ns 14.1b

100 26.8b 531b 91 ns 96 ab 10.7b 0.23 ns 146a

140 35.0a 496 ¢ 90 ns 94 b 109b 0.24 ns 147 a

“60%, 54 fruits per tree; 100%, 90 fruits per tree; 140%, 126 fruits per tree.
*Mean values (n = 3) within each column and year separated by Duncan’s New Multiple Range Test (P < 0.05). ns, no significant differ-

ence.

7HA AR ZT1Eivhs At 5d EoF BEES]
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wg} 7HAAYA] FEES Hhs Q9 A W) AR
I AADAC] 7] wiEeln o] He 9ol 2
A 5282 SAlo] 71x19] S SR A
o7 FAFETHKatod} Ito, 1962). B3P thel 60% 2t
A2t BYTE AT HoRe Aol YEREAIT
AR AAFLe A 7ol FAHCE FoXde YehA|
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Ho} o] Hleksia Zole} A7 2y Hlnl
B19S ) A e Zo|r} BEE A gkt
ol b 134 7R U AR deke
gsrom Aaeo] WESE ©AE X3RE UsF 7
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717 SRR SRIEANE o] Aol wig- =X
(Faust, 1989) Z7goll <Jst Qo] A|AH= BgjoA A
29 Zg o]fo] FaHEH IS FUS AR A
2t SEANE B AIRolA 1948 7Y AEaEe

& TR 2ol o] SR hastodA
ol oldi&kd mE JdTge nusIY Zo=
H= At

N =}

2. DA EF
#3) e 60% AT TFE 297 ha G < 1759
Fpalo] AYAakE]o] 140% A FHT}E S=8ko] oF 28 717t

67



o] 7Hr3ltHTable 4). Hit 53 3l 273 Haja
o] T7ITE s, ol ko] Bow F3)
AHES 9% AHAzke] AAo] AlslElo] A HE
HHT37)7F Agte] =7] wiEolth(Delong®l Grossman,
1995; Naor 5, 2008). 3FA|F IAF7L 22| Tkl vl
3 Ayt eyt lFigel vl gks wol
© MEREE BE gt & 30471A] o]FoAH o]F
A2l ofste] ZpAe] #Ho] Frkske AeE U
F=Hl(Denne, 1963), & AlFolM= 2k *2]7} 7Y
3} 409 o]Fol| FaEe] HaFA Hoke Ao
FES 7IHE Aoz FHEL AP E= B iyl
60% ATl F & BT 12°Brix oPdoE 7
=3, ol 49 9ol FEE RS g
E o] g% Aol ¥l HAUE oz wdEt
(Seo =, 2007). T AsE A 7l BAZCE &
od A= Aol7F YRR sttt B EE 20124
of #a thu] 60% ZHxig] H oA 14 INSZ &
b=, S AA P Ho] AU 3Hde] A
X MEZFEC] GjEo] ASAEE AAFOZ A
H7] jEo 2 AJZbEth(Fallahi 5, 1985; Fergusono}
Watkins, 1989; Seo 5, 2007; Volz 5, 1993; Volz}
Ferguson, 1999).

o} Ao L AAE 8 T 72 A
A4S gt 4= e=dl(Bangerth, 1979; Seo 5,
2007), ¥ AlFolME 140% ZHFpH2 7Hxe] Lol
Fd sy 57 L IR i S L P B e s ) i =3 S R
2 e A BEEA AYTHAE VAN, o=
o] Wow AAT|7F Holxda] T 2Z o]
AN APFeETe] AAPYS A=
(Faust, 1989) Z}d U 7147 48 B3 A<t 4
Zo] dast Zlozg getwEc)

Aapgat ST aeja BEAIV ks 4R S
7F Jom, giAFog Fde] BSrE A A|e
ZolA= Aol wivaA= ER1E Bl QIth(Kwon 5,
2006, 2007a, 2011b). £ AJFAME 3 thH] 140%
2} ZgollA 301 - 400g2] A= Wol AYAksIar, wh
2 60% 2AzlolA tlzh601 - 700g)e] HlFo] &Sk
ThFig. 1A). T AAkAS FA5HAS wlolle 140%°]
23 Z2lolA 100%9} 60% 2] 2o} oF 20% ©]
gol 250] T7HE AoE ZAEATKFig. 1B). SHATH
U] AnRizle] V|Ewe} BALE VES aEsE)] B o
AR e o AFE 4 ol 53 A2 3d
o]%e) Uehhs FAI] A eI} Ast A= 1E
ZHIzle] sEdsle] wEl A ALkl =7 g
F dowmg oo tigt WHd HES} F3Fo] e
Aoz A=
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Fig. 1. Distribution of fruit weight (A) and the estimated income
from ‘Wonhwang’ pear production (B) as affected by crop load
in average of 2011 and 2012. 60%, 54 fruits per tree; 100%, 90
fruits per tree; 140%, 126 fruits per tree. Different letters above
bars indicate significant difference between treatments as
determined by Duncan’s New Multiple Range Test (P < 0.05).
ns, no significant difference.
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) AEe] dolgo] T & EE 70% olskE BEES]
o} ol A FT7PF ARES ARAIAA ot
o] FA FAHUA AT FHHM, olzjgh x2o]
=22 F Ue AYex= Faliy saloll frolsior &
A FEELS FAYFo| BSE TR
S HYANE 2013300 -25°C HHE AL)slue 5
d A= zel7F UERUA] eRUTHFig. 3).
Kim 52014y &3l ol wepr] HEFY oA
Alaete) st gheds] vERgThaL st Al
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Fig. 2. Germination rate of cuttings of a ‘Wonhwang’ pear trees
under various cold temperatures as affected by crop load in
2012 and 2013. 60%, 54 fruits per tree; 100%, 90 fruits per tree;
140%, 126 fruits per tree. Different letters above bars indicate
significant difference between treatments as determined by
Duncan’s New Multiple Range Test (P < 0.05). ns, no
significant difference.

A 9, FEBPT AP WA} FHS Y
S B3 Sk AN el ) g
G itk B3 Avhgel Fhe 4F Ake) 1as)

AFA] AtE 7HAE 4 Uk(Syvertsen 5, 2003).
2 Al@elde B3 tiHl 140% A FEelile &
W7t ok Wol AMEEE Gl A FiEo]
257kl tigk $HE BAAFAL, Sl ik Js|
= O Ay}t vissiad 2o yehgtt. shx|vk
2htes e HEDETE 12.0°Brix ofakE HolAA
3 vl f9] ©HH(13.4°Brix; RDA, 2008)2 UEeR)
Zlle tka mEE o] BEEAT ool wet F7A)
o] Aol A FHE & IEF AVIEY =
g B4R A|A & Bold BERAS ANAEE FA)
5o Bde HHFE AsE HE 7 Us o=
Al B AJES 8~ d8e] AFES o]8slden=,
Ho Aol A3t A8E fEie 1034 oPde)
AES o R Aol tig AT NEks, 1
2oL I ALkl tigh A7|zke] Alge] Had Ao
2 Alegh

o)
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Fig. 3. Electrolyte leakage in cuttings of a ‘Wonhwang’ pear trees
under various cold temperatures as affected by crop load in
2012 and 2013. 60%, 54 fruits per tree; 100%, 90 fruits per tree;
140%, 126 fruits per tree. Different lower-case letters on each
datum point indicate significant differences as determined by
Duncan’s New Multiple Range test at P < 0.05. ns, no
significant difference.
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