Low Chilling Requirement of
Pear Breeding
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France, 11.8 Taiwan, ROC,
Ukraine, 16.5 11.8
Portugal, 202 ———— othe
Algeria, 23.7_— %

Japan, 27.5
Belgium, 30.2

Chile, 30.9
Netherlands, 33.0
India, 34.6
Spain, 36.1
Rep. Korea, 36.9
South Africa, 41.5

r China, 1641.0
Argentina, 93.0

Turkey, 50.3
USA, 67.8
Italy, 77.3
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2017)
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- Exported value, USD thousand

INA
[10-5.432US0shousand

] 5.432-27.185US0 theusand
[127.153+54.318 USD thousand
[]54,218- 108,637 USD thousand
1 108,637 - 271,552 USO thowsand
B > 271,552 USO housand

B 5971, 592 USD thousand (FAO, 2017)



- Imported value, USD thousan

CONA

3 0-2,320 USO thousand
[232.320- 11,555 USD thousand
[111,599-23,159 USD thousand
[ 323,159-46,358 USO thousand
(145,355 115,934 USD thousand
I > 115,934 USD thousand

0 5115, 994 USD thousand (FAO, 2017)
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T 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
b 635 574 473 328 306 302 294 277 267 256

#rdbm 5 5 6 8 8 10 11 11 10 10
ST 30 9 9 10 11 12 11 11 12 12

=00 170 162 134 104 33 78 73 69 65 65
TR 427 395 321 203 202 200 198 184 179 169
T 4 4 4 2 2 2 1 1 1 1
tE 7,262 7,251 6,326 6,014 5,365 5,275 5,102 5,022 4,954 4,895
miER: 1,504 1,499 1,492 1,492 1,446 1,435 1,358 1,327 1,312 1,335
g wi s 75 69 61 59 59 48 47 53 48 46
P A 343 346 342 72 56 50 48 48 43 36
&am 5,339 5,337 4,432 4,391 3,803 3,743 3,649 3,594 3,550 3,479
ME 210 187 150 156 151 149 120 115 117 117

SeET 8,259 8,132 7,055 6,587 5,889 5,786 5,575 5,465 5,396 5,320
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___ speces | Numberof chill hours of 7.2

Almonds 0-800

Peaches 100-1250
Japanese plums 100-800
Apples and pears 200-1400
European plums 800-1500

Cherries 800-1700

(Faust, 1989)

20



AEIZRmE 7 RmFE K=

iz HER TR K& (CV)
=&AL (Pyrus konheni)

feLl](Heng Shen) 120

4 EL25E(4029) 800

& 15k 600-700
& rhpgE 200-300
FAT 700
HEZL 1100

257 7K (Kikusui) 1200
£-+EF(Chojuro) 1500
14 (Nijisseiki) 1400
oK 1350-1500
27K 500-1350
w47 (Shinseiki) 1500
JARIPE 1300

(& > 1995)
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Table 4. Summary of the major chill models with respect to temperature effects and chill unit accumulation
(adapted from E. Luedeling, 2012)

—>H
Tulll
T

R

Models and Authors Basis of | Differences Continuity Negation Limatation Enhameed Two-step
Measurement | in of weights of chill to chill by moderate chilling
temperature by heat negation temperatures
weights

Chilling Hours Model (Bennett 1249; | b - - - - - -

Weinberger, 1930}
Utah Model (Chili Units; Richardson et | h

al, 1974)

MNorth Carolina Model (Shaltout and | b T - T - - _
Unrath, (1983)

Anderson and Eichardsem , 1987 h i) i T - - -
+ve Utah Model (LInsley-Noakes and | h T - T T - _
Allan (1904

Modified Utah Model {Linvill, 199073

=
=|
"
—h
1
1
1

Drypamic model (Chill pertions); | h
Fishmam et af , 1087a; 1987h)
Other models applied on regional

=|
al
=
—F
—
=|

basis

Chmielewski et al. (20113 d - - - - - -
Legave et al. (2008} d + + - - - -
Cesaraccio et al. (2004) d T i - - - _

N.B. T (plus) indicates that the characters included in the model; - (minus) indicates these characters not included;
+ means different characters exists, but, include few characters; h - hourly; d - monthly; weighting - refers to
different temperature ranges; continuity for continuous weighting; chiling negation mndicates the reversal of
chilling; limit to chill negation means how much chill can be negated by moderate temperature; two step process
for chill portions and 1ts irreversibility.

(Melke, 2015)
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t=st T[ -~ / 2 (_. ,CH[ = D

Positive Utah model

Positive chill unit '
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Figure 3. 0-7.2°C model as a function of temperature (Weinberger, 1950)

(Melke, 2015)
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x5, EEETRR MR BRR KT (e bR LG R RIR 2 Se AR IR I B B KR B A (E
Table 5. Conversion of selected temperatures to chill units from initial date of chilling to rest completion in
modified low-chill model developed for low-chill peaches in Tarwan.

Temperature ( C) Chill units contributed
=72 1.0
7.3-15.0 0.5
15.1-26.6 0.0
26.7-27.8 -0.5
>27.8 -1.0

(EXCFIBR - 2000)
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Fig. 2.1 Budbreak standard of pear buds. A and C are dormant reproductive and
vegetative bud. B and D are budbreak reproductive and vegetative bud.
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2009-2012%F

M1 e RFERIE

® 7. 2°C7F*_§'L\}\$X§ H39

im AR E ERR7.2°CrY H HA

2%%;%/7\% I ERVEERS -

® JEfthiR T (EmEE Uil
FmR0 CURRIHEIASBEN

R mEER, -

7T o fe

®I MAIHANINAZTAEASKHAMHFHESR
Table 3 Estimated chilling requirement by
three models for 28 pear buds

Temperature °C CU

<1.4 0.0

15-24 0.5

2.5-9.1 1.0

92-124 0.5

12.5-15.9 0.0

16.0-18.0 -0.5

>18.0 -1.0

0~7.
R Srac” T mEtu

Cultivar n'm:iei 0—7.2C Utah

model model

7K 15 Jinshui 1 398 331 61
%3¢ 1% Annong 1 521 439 483
A 25 Jinshui 2 391 331 367
B B Zaosu 554 459 513
18 EN] 1019 873 835
WE2E5EL2 391 33 367
Bl 2 55 Abate 1 090 754 804
# @ Huangguan 521 366 522
* 7k Housui §17 426 579
#T B Redstar 1192 855 B85
& # Wonhwang 857 574 548
# § Cuiguan 401 276 454
& #F Yuxiang 857 574 648
75 T4 Xizilu 521 366 522
E & Yol 737 509 613
# B Shonan 617 426 579
PR Laivangeili 857 574 648
t & Zhongxiang 737 500 613
B 2Bk Zaomeisu 604 545 453
+ A Bk Qivuesu 813 751 HED
g & Cuili 496 447 361
#1141 %5 Jinhua 4 813 751 669
M E Deshengxiang 708 644 353
f# i Tongguan 401 276 454
24 B No. 24 933 871 789
¥ % Guiguan 813 751 669
| ¥ Xueying 446 447 361
A7k Jinshuigiv 933 871 789

SR FTRR

(Z5 A » 2013)



= ER[E] A 5] A e

=12

IILIJI\

il

OllF

== A
M/ <

FREFAEEHELHSBHIRAR
Table 2 Estimated chilling requirement by differemt models from 2009 to 2012

T f

T.EUHEE(=7.2 T/h

0=-7.2 THEMO-7.2 T/l

WEEA/C U

> FHRBARITSLEERENU <72 CHEAEE
BMdb & o

EHREB/) - A

7.2 T model 0—7.2 T model Utah model
ﬂi W TREH ThiEMN REY
Culrivar ; 2 i aF
i‘ﬁpﬁp Coefficien: i%ﬁ Cocfficten iﬁﬁ Coefficient
TRE of variztion) erRgE of varnatioh Tage of vanatiarn
A 1% linshui 1 305 14, 37 331 26.11 381 37,07
FEW S Annong 1 521 10, 08 430 19. 70 4B3 27. &a
& 2% linshui 2 341 14. 65 131 26.11 187 36. 42
B B Zaosu 554 10, 33 4R4 18, 44 513 26, 0f
HM¥1E ENl 1019 5. 62 B73 b, 50 Bis 16,01
NRISEL2 391 14, 65 13l 26. 11 367 36, 42
EER RSP T 2010— 2012 F 3 WM M F I, (Z= A - 2011)
Mote, Coeflictent of varnanon = (Standard deviation/ Averagel. Three replicates, A
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Chilling requirement
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Table 1 Accumulation normal distribution function analyses germination rate change

J‘& A fﬁ] ”{ ]J%‘E wj I'I{J 'IJI}}/;} !15: 'ﬂii # &( r)
{3t L 44 Kt Chilling requirement for germination AR R B Si ‘f\icam‘e
Experimental Accumulation normal i g::‘r lative
material 0~7.9 (fﬁ}ﬁ!l h < 7.2 C BigI h KALEIRY C, U distribution funcuion ¢ _‘) ‘”-"_-":m"
0—17.2 Cmodel 7.2 (model Utah model coetiicle
FKFE &L Housuil Bunge I 136 1 270 1179 P=2.236 5383+0.027 772 1IN 0,829
£k &% Housui/Decene 1025 1178 1129 P=2_15571+0.026 898 IX  0.861" *
R Decne 925 1119 959 P=2.256 826 +0.034 858 6X 0.889" "
8 Bunge | 268 1 130 1 284 P=2.174 02640.021 908 4X 0,779 "

iF ™ » "RARLE 0,01 K04 5 # M OCHE. e
Note:"™ * # " mean significant at 0, 01 probability level, (@%F‘)\ ’ 2015)
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Table 2.6 Chilling requiremnent (CR) of pear cultivars in different locations aod years
based on 7.27C model, Tiah model, and dynamics model

TICHE HiEEE #HhEHEY

iHO[E o 7.2°C Model'CH Utah ModeliCU Dynamies Model/CP

Locaticn Cultivar 01142 2000411 205112 2010611 201112 20101
LEE LYB LB LEE L¥B LB LEE LVE LE

£# Jinmng B Cuiguan 205 559 252 416 743 41l 21 2

# Nanning B A Cuipoan 260 1230 39 29 1097 382 24 6] 29

I % Ninxieng & Cuiguan 486 548 565 610 % 33

35\ Dangshan ¥ A& Cuiguan 472 640 480 555 28 M

T Fuyang B/ Coiguan 296 671 686 34 D4 606 el I B

il Dangshan EEE Suli 319 1000 434 602 24 37

T Fuyang B X Cuiyu 206 106 ing 992 2 50

¥ M Fuyang H# Wonhwang 1065 1063 992 907 50 50

#4 Hangzhow T H Xueging 608 603 Ml M 3% 39

i£: LRB: WiLF; LVE: Bt LB: MF. (BIFEE - 2013)

Mote: LEB: lateral reproductive buds, LVB: lateral vegetative teds; LB Jateral buds,
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By oF 5
fM 20 30 40 50
0 3.6 3.6 7.5 7.5
200 | 74 11.8 13.2 15.7
300 | 120 16.3 — —
400 21.6 26.3 3.67 -
500 25.9 30.7 40.2 -
600 51.4 57.5 63.7 —
700 67.4 73.5 80.4 -
800 73.6 77.2 86.2 —
900 80.7 85.6 — -
1000 §74 — - —
fe1 113 200 53.6 76.5 78.3 —
frLE 400 71.4 86.7 — —
B E 200 865 1933 ~ —
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R \\ 3 4 5 6 7 8
0 0 9.4 9.4 16.5 25.0 11.8
100 0 7.7 9.5 54.1 62.9 86.4
200 0 11.2 22.6 67.8

i 300 0 28.3 100

% 400 0 100

g 500 0 100
600 | 36.2 100
700 11.3 100
800 | 56.8 wo o

e | 2000 | 536 64.5

ﬁu@l 400 86.5 933
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Estimated CU of 1996 1997 Blooming dates
Key cultivars 11/31 | 1/15 l 1/30 | 2/15 2/28 3/15 3/30

415 1 1 1 L l | | !
Flordared 100 -] 1T

Premier 150 | | E——

TropicSweet 175 <] ==

TropicSnow 200 | | E——

Flordagold 325 = e =

Evaluated CU for

unknown peaches

Fu-chou-dah-taur (100) I II ——

[n-ge-taur (130) I I

Kuu-taur (150) —_— | —

Swa-taur (325) o SR T —
76-12 (100) — T

76-69 (325) e “

@ 1. A SIS S A RIS S B I R AR TS A A Bt T e & - B —E R ARIGTE
0 EERARBLH -

Fig.1. Evaluated chill units for local peaches based on relative order and blooming data of key cultivars
which chill units are known. Single vertical bar represents start blooming, double vertical bar

denotes full blooming (Eﬁ%ﬂ Bﬁ ’ 2000)
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Table 1. Accumulated chilling unit from initiation dates of chilling to March 31 for 8 years at TARI

calculated by different models.

Years

Accumulated chilling unit (CU)

Hours below Low-chill High-chill
12.97° model ¥ model *
1990-1991 244 -36.5 -1737.5
1991-1992 474 395.0 -1584.5
1992-1993 426 -53.0 -2124.0
1993-1994 278 310.0 -1583.5
1994-1995 359 -93.5 -2086.0
1995-1996 662 282.5 -1576.5
1996-1997 295 200.5 -1631.0
1997-1998 s 226 =353.0 IS §
Meant Std 370.5%t 146 .4 81.5+ 2554 -1822+ 284.4

* Gurdian and Biggs (1964), Sharpe (1969).
¥ Gilreath and Buchanan (1981), for low-chilling nectarine .
*Richardson et al. (1974), for high-chilling peaches .

> LIS ER AR 2R & R 229 E AR &
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Table 8. Estimated CU by modificd low-chill model developed in Taiwan for various low-chill peach trees planted at Wu-feng, Taichung, Taiwan.

T SRR 2=

AEY RN

_ 1991 1992 1993 1994 1995 1996 1997 Men
S0 ROD* FBD' RCD FBD R FBD RD MD RMD D RMD MWD RM® MWD RO D
Forkrod (100)° | 1865 880 1405 1865 930 1545 355 990 845 910 1500 2010 2000 1345 [1030] 1363
Promier (150) 2535 0 260 260 3070 1580 910 1060 750 80 2625 200 2000 1405 |1907 1508
TropcSwedt (175)| 2535 105 = — 370 1615 TIS 990 - = 05 0 ms w0 (i3] 1509
TropcSoow (200)| 2605 1150 - — 1610 1580 - = S5 315 1500 2040 M50 1405 |1450| 1404
Fodnodhar - - - - 2510 1580 715 @S - = 2S5 250 2000 145 |1978] 1603
Ingotar 2050 80 200 2000 2510 180 655 310 815 80 2625 230 250 1410 1678 1340
Jichingtar 2535 1205 - = 2510 1570 - - 55 910 225 2010 - = el i
Kustar - - - 2EO 2510 1570 TS 910 60 80 25 2500 2150 1405 [1m2| 1584
Swotar - - = = - - - = 360 #5320 2920 360 1S  |230] 1697
%12 - 135 380 2000 - = TS WS S %0 225 2500 450 1345 |1497] 1um
7669 - 1205 4385 250 - — 90 M0 #5270 205 220 200 125 17| 1425

*RCD = Accumulated chilling unit from intiation date of chilling to rest completioa date,

" FBD = Accumulated clulling unit from intiation date of chilling to full bloom date.

* The value in the parenthesis is a chill unit of key cultivar.
® = Denotes not surveyed.

120 1/RCD: PASE BARHREAFT RIRAVECREF B © 461t
HAZAGTH

SEAVAN=NA
Fﬁ"%?i‘J

fH32/FBD: DURSAEHA(60% DL _EAE LB R L TR 2 & -

(BRI > 2000)

HART (5% 2L _EAEABHRORY—2
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« 101 4B E Kx1= L
(TYPHH11001~TYPH
H11191251914%) -

gy | BOTERRE | BRTEE

(FR) (%)
104 39 20.4
105 26 13.6
106 79 41.3

101440
B KxELL(TYPHH11001~TYPHH11191)
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Hybrids

No. 1054
86 146
83 151

FA 7K SR LLIEL 83 150

1064F

1074F

275

262

239

1054F

12.5

11.7

12.4

1064
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Variety (Line)

I

)(

162
403
358
287
232
265
232
244
113
142
230
406
197
83
318
146
228
154
267

mm
58.04
68.77
77.12
67.60
64.44
68.47
62.97
79.24
50.28
60.58
64.11
78.02
64.30
50.88
70.30
63.17
69.31
59.47
66.16

Fruit weight Fruit height Fruit width

mm
69.09
82.21
82.53
78.90
79.15
81.46
76.61
67.40
58.38
63.96
77.26
89.97
77.04
53.25
85.83
65.50
73.94
64.36
73.03

Core
height
mm
27.97
30.80
33.90
36.30
28.59
26.93
35.24
36.22
26.43
21.64
35.89
36.72
33.12
18.04
31.98
34.11
32.55
27.30
25.38

Core width Flesh rate

30.79
39.37
31.38
36.40
31.35
25.66
26.76
35.92
26.02
23.59
32.96
23.34
25.21
19.33
29.99
25.07
33.02
22.32
24.74

%
78.5
78.6
83.3
75.2
82.4
87.6
80.5
75.6
76.6
86.8
76.1
87.8
83.1
87.1
84.1
79.3
79.0
84.1
87.0

Sugar
content

“Brix
11.6
12.4
12.6
13.2
13.3
10.2
10.7
11.9
15.1
14.6
12.1
12.3
12.2
13.6
11.9
14.2
12.6
13.6
12.4

color of
fruit skin.

brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
green
brown
brown
brown
brown
brown
brown

brown

S MBI R R B L8
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Line Fruit weight Fruit height Fruit width

TYPHH11020
TYPHH11021
TYPHH11029
TYPHH11036
TYPHH11042
TYPHH11046
TYPHH11050
TYPHH11052
TYPHH11067
TYPHH11075
TYPHH11102
TYPHH11144
TYPHH11149
TYPHH11150
TYPHH11161
TYPHH11178

(Y
o
I\:IU
i

AN E
X E

136
78
287
99
248
153
214
155
168
140
156
105
216
161
224
82.5

mm
57.8
45.3
71.6
56.8
72.7
62.7
66.6
59.9
59.7
57.8
60.3
55.4
65.4
62.3
68.4
47.7

61.6
53.6
85.2
55.1
79.3
66.0
77.1
68.8
70.6
65.2
66.4
56.1
75.1
67.1
75.1
53.8

Core
height

25.5
20.0
31.2
26.2
324
29.4
32.2
24.6
24.9
26.7
24.9
20.0
31.6
21.7
28.5
15.5

Core width Flesh rate

27.6
235
25.1
28.9
34.9
25.8
35.0
33.4
22.7
23.4
26.5
22.2
313
290.1
26.7
16.1

%
80.2
80.6
87.2
75.8
80.4
81.7
78.1
80.1
86.6
83.4
83.5
85.7
79.9
84.9
85.2
90.3

Sugar
content
°Brix
11.9
11.2
11.5
15.3
10.4
13.8
11.6
11.0
9.8
11.5
11.3
12.8
11.4
11.9
8.7
11.6

color of
fruit skin.

brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown

brown

SRR BB R R
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TYPHH11036

TYPHH11050

TYPHH11051

TYPHH11065

TYPHH11067

TYPHH11074

TYPHH11089

TYPHH11111

TYPHH11129

TYPHH11130

Fruit weight Fruit height Fruit width

240

111

100

100

240

210

390

510

185

205

mm

73.5

51

47.5

48.9

67.4

55.4

81.8

96.8

70.6

66.6

mm

74.1

60

53.9

55.7

77.9

78.3

89.1

98.8

64.7

79.3

Core
height

29.0
29.3
21.0
16.3
32.7
24.0
28.0
47.8
31.5

25.3

Core width Flesh rate

29.4

29.6

17.8

18.0

21.9

26.7

24.9

36.1

27.3

38.6

%

84.3

75.7

89.1

89.5

92.1

88.4

92.2

86.7

82.2

76.3

Sugar
content
“Brix
11.4
11.3
11.5
10.5
12.8
16.2
11.6
12.9
11.3

12.7

color of
fruit skin.

brown

brown

brown

brown

brown

brown

brown

brown

brown

brown
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252
305
231
177
484
613
709
361
513
275
351
557
262
197
427
269
189
430
301
379
525
214

— & 7x

— KA

Fruit

height

mm

73.1
64.2
62.3
59.4
80.6
98.8
96.8
78.5
92.5
68.8
72.7
89.7
69.1
70.3
94.1
80.2
71.4
78.5
77.4
75.8
97.4
62.3

AN E
X E

Fruit
width

mm

78.9
88.8
73.5
70.2
99.3
96.3
108.1
92.9
100.7
79.1
88.7
100.3
82.1
55.9
81.6
71.3
68.5
94.1
88.1
87.5
95.7
73.8

Core

height

mm

32.8
27.6
22.9
23.6
39.5
354
38.2
28.2
32.8
32.3
30.7
34.9
26.6
22.6
36.7
25.5
23.6
35.5
30.7
35.6
31.0
24.6

Core
width

mm

32.8
32.4
33.3
31.9
35.9
33.5
44.7
37.5
39.2
32.9
34.7
28.5
24.5
28.7
31.5
34.4
19.8
27.9
32.2
39.0
36.9
17.9

o

Vit ) 2

sugar
content

°Brix
11.6
9.9
12.6
13.9
11.5
12.5
12.6
13.7
13.1
11.7
11.2
13.3
10
11.5
12.8
12.4
11.7
11.7
13.1
10.2
13.4
11.4

Acidity

%

0.5
0.39
0.29
0.38
0.44
0.37
0.41
0.47
0.45
0.49
0.31
0.56
0.29
0.35
0.48
0.35
0.45
0.33
0.54
0.46
0.34
0.82

juice pH

4.23
494
4.23
4.11
5.23
4.17
4.24
5.03
4.51
5.08
4.43
3.70
5.33
4.32
4.06
4.10
5.06
1.36
4.66
4.83
5.10
4.85

hardness

kg/cm?2

3.75
4.05
4.35
2.95
2.20
2.80
2.15
2.30
4.20
3.20
4.30
4.05
3.55
2.15
3.85
1.70
3.30
3.10
2.30
4.05
3.10
5.00

SR INGILEE R BT 1 EOER

Fruit
weight

color of
fruit skin

i3
i3
g
&
g
&
&
&
i3
iz
&
iz
&
g
&
&
&
iz
&
&
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cm cm mm mm

052 12.0 5.9 77.4 9.7
111 12.5 7.2 114.2 13.3
160 13.7 7.3 83.7 12.3
&rhage 127 6.9 90.5 15.3
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