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Measurement and evaluation of chilling requirement of Dangshan pear in
the old course of the Yellow River area

Y1 Xing-kai' , XU Yi-liu' ,ZHANG Jin-yun',GAO Zheng-hui',
PAN Hai-fa',QI Yong-jie' , LEI Bo*
(1 Horticultural Institute , Anhui Academy of Agricultural Science , He fei, Anhui 230031, China;
2 Dangshan Horticulture Field of Anhui Province , Dangshan,Anhui 235300, China)

Abstract: [Objective] To confirm the chilling requirement of Dangshan pear, the effect of climate
change on planting conditions of Dangshan pear was explored. [Method) The flower bud and leaf bud ger-
mination date,dormancy branches of flower bud and leaf bud under natural overwintering conditions were
periodically collected and cultured for 3 weeks using water cutting method between 2009 and 2012. Accord-
ing to the temperature record data,the chilling requirements of Dangshan pear under 7.2 °C model,0—7. 2
°C model and Utah model were calculated, respectively. [Result] The chilling requirements of Dangshan
pear flower bud under 0—7. 2 °C model,7. 2 °C model and Utah model were 1 051 h,2 070 h and 788 CU,
respectively. The chilling requirements of Dangshan pear leaf bud under 0—7. 2 “C model,7. 2 °C model and
Utah model were 1 126 h,2 198 h and 857 CU, respectively. [Conclusion] In combination with the winter
temperature changes and the variations of cold amounts required by three models,the 0—7. 2 °C model was
identified to be the best appropriate to assess the chilling requirement of Dangshan pear in the old course of
the Yellow River area.
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1.1 RIE bR

IR E 2R L B 25— 50 YR )i 5 el
X EAT . bl 23 ab A5 28 116°32 b 46 34°30" i1 T
WU R A . T A R R . 1 BB TR
T 2 KU DX IO 2 A A (5 AR 34D S 2 57 d
B 102 d, B 61 d, &% 140 & FFHREN
14.1 °C(1955—1995 4F) . i & Ay b 1 A . i A
R H.
1.2 REHR

T[] — B el i, R () A5 B % (R AR ) 3R &2
FRB B ZTERIE RATHE 6 m X8 m 4
i E 7Y 56 4F A= Ll R AL AE Bk O b, b a) A=
T R AR e AR — B, R TR R R A
A mtuaifag) 7, BlS TUOSAND Fil 3 36 4% il #5
(B HIRT 4, 85 DVP-1433) %, 14 Ji R B id

1.3 RIH=*E
1.3.1 BEME ®{EF 2009—2012 4E P17,

B3 AR B R 5 T X, 7 45 356 e DX P R AL
VEFE 1 PR Ll R BLAE A 81 8 WL % 5 HE R 45 .
PR RN A b o B R BRI AS L BE ML 1.5 m, A
KAt A shill 2 A 4R 28 M . 4 10 min j2 5% 1 3K
TR0 S R] K - B4R 09-07 ([ R B RAE 03-20(F
1) . BB/ L3 IRER

1.3.2 #A k% AU b XCHE R 40 5 1 [
DA 14 6 d FEHL R K B — B 6 BOE A4 3
F 25 H 2R R R AR A CER T 12 49 i 5%
K 40 cm 245 FEER B 6~8 cm JCEEER ), AR IL R
ke 18 45, BUSSRAERT H] S BAF 01-05 (/NJE) 5 B4R
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R FRIRIR AL 45, 5 IR Jian 25070 55 55 07 B o B
] ) A% 4% I K op vk T J5 S BV AR OK 4~ 6
em FREIBEEE R I, AN TAMA . B 2 d ok
LYK I 18 A T S AR 2E R 28 (9 7 % 16 0 5 [R] B B 2
R & R o 2~3 mm #fE, AN T MM EERN
BRge 0 ks e /R R 25 °C /21 °C s ol BR i
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60 0 o W TG ¥ o GE T LA YR A o ] Sy 1 5 45 7 2 2%
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— YR FEI (75 ¥ B HES . R ZE W 2 A AR R
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(z% 28 H .31 H)RWAIA . & H 2 45 A7) K i A%
T BERYE ., ARFEAEG A Oy 001 A B2 5, IOH:
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1.3.6 FATeEmaEX (D7.2 CHER, A
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Table 1 The corresponding chilling units after 1 hour under Utah model
i BE/°C ¥l #. A/ CU 1
Temperature Chilling unit Note
<1.4 0 Jxk Invalid
=>1.4~<2.4 0.5 gk Half effective
=2.4~<9.1 1.0 5 A % The most effective
>=9.1~<12.4 0.5 2 Half effective
>12.4~<15.9 0 Tk Invalid
>=15.9~<C18.0 —0.5 A T N B 2> HK T Effect of low temperature offset
>18.0~<C21.0 —1.0 MRV ZN 58 42 KT Effect of low temperature completely offset
>=21.0~<23.0 —2.0 MK IR AL N 524 HE T Effect of low temperature completely offset

L4 HESITESH

B DL 3 IREE P E R R R A Of-
fice Excel 2007 B GE it 5001 ¥ Je 25 5 0 E M)
K H SPSS 17. 0 #A4FGE i1 50 .
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2.1 REEMIREDFLUBRIEEFNHFHNHEELE
2009—2012 4, D\ H (8] 58 B R 4 9 15 RS

S K ZEE AT LIAS L 1 BR AL E N SR PR R e
ZERAL R L DA R IR AL B 5 46 28 At 2F
M 23 5 B Bl PR J) U T 1 AR B2 T R
o, 02-16 WURE AL 5546 25 1 2 %k 48. 86,02-22
HURE YA 2 A6 2E 8 28R Ry 57. 7 %5 02-28 HUFE 1 A%
M ZE W 2E O 49. 7%, 10 03-06 HURE (K 4525
B IR F) 70, 3% (K 2),

R 2 2009202 ERRMREBERTHLHREFHNBELE

Table 2 Dangshan pear bud germination rates during 2009—2012 under different low temperature accumulations %

ZF Bt H ) Sampling date

Bud 0105  0L11 01-17 01-23 01-29 02-04 02-10 02-16 0222 0228 03-06
L3k 0 0 7.2 1.1 20. 6 28.7 10. 9 48.8 57.7 63. 4 72.7
Flower bud
M3 Leaf bud 0 0 0 5.7 9.8 19. 4 25.1 29. 5 46. 3 49.7 70. 3

2.2 HREBLBRRELZFMHFELENRE

[ A 35 37 14 B L) TR A AR 2% A6 2 1 25 % Ry 48. 8 0
A 57 7TY0RF a3 & A AE 02-16 AT 02-22., 4K 5 3 12
o V2 1 1Y G2 T AE AT T, BT T b DX A2 1 R
BUAE T A B R 292 02-20, RIS 3 1) R B
FIAE ZERE IE W 0 & P AE RN 45 9 . A1 15 37 B 4k
ZEW RN 49, 7% F 70, 3% I, 43 B & A= 7E 02-28
FIT03-06 , 4 15 /& T V2 o 1 48 T A o o F DBy 2 ] il
TE 1 DX R A7 LU R AL i ZE Ve i 1 B ] 240 03-01
R[22 B 100 A L) TR Y A ok 28 W7 A 38 ik SRR .
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1051 hy7.2 CHERERNGTREMAESET LS ERES. N
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Table 3 Low temperature accumulation of Dangshan pear by 0—7.2 °C model (a natural low temperature method) h
WA 10 A I+ 10 A 10 HF 11 A I 11 A+ 11 AT 12 H I+ 12 H+p 12 HF
It\ Early Mid Late Early Mid Late Early Mid Late
em Oct. Oct. Oct. Nov. Nov. Nov. Dec. Dec. Dec.
0~7.2 C R I %
Accumulated temperature 0 0 136 105 164 178 124 29 62
of 0—7.2°C
A
Aait 136 447 215
Total of month
WA 1H L 1 Hw 1HTF 2H L 2 Hp 2HF 3H L 3 HH 3HTF
It\ Early Mid Late Early Mid Late Early Mid Late
cm Jan. Jan. Jan. Feb. Feb. Feb. Mar. Mar. Mar.
0~7.2 CHIR
Accumulated temperature 19 51 76 63 44 75 — — —
of 0—7.2°C
A
Awit 146 182 —

Total of month

F4 BF 7.2 CRAGHNHLRRRERREBRRED

Table 4 Low temperature accumulation of Dangshan pear by 7.2 °C model(a natural low temperature method) h
WiH 10 A |k 10 Arh 10 HF 11 A F 11 A rp 11HATF 12 A F 12 A rp 12HF
IJt\ Early Mid Late Early Mid Late Early Mid Late
em Oct. Oct. Oct. Nov. Nov. Nov. Dec. Dec. Dec.
<7.2 CHURN %
Accumulated temperature 0 0 136 105 164 178 124 160 172
of lower than 7.2 C
A&t -
Total of month 136 T 456
WiH 1ALk 1 1TATF 21k 2 ] 2HTF 3HLE 3 3SAT
It\ Early Mid Late Early Mid Late Early Mid Late
em Jan. Jan. Jan. Feb. Feb. Feb. Mar. Mar. Mar.
<7.2 CRURM %
Accumulated temperature 225 201 250 216 139 128 — — —
of lower than 7.2 C
s
it 676 483 —

Total of month

2.3.3 3HMEAKERZRIELGEF o K
2009—2012 4FRK & Z AR R AR AR A0 1% Bl T I, (IR IR
RPN 9—11 H)0~7.2 F17.2 °CHRIAV 5 I 4
¥4 583 h, ML AR AL AL A 507 h, 5% & WK IR R0
W13 AR IR AR 22 H R K12 ) 2 AR 2
A RA),0~7.2 CHERL 7. 2 “C AR R b 455 70 14
T PB4 9 R 468~543 h, 1 487~1 615 h J% 281~
350 hy X ANBFHE 7.2 °CBERIAR IR R A B, 10~
7.2 CHEA S ABB AL Y,

SRR A % & n 15,7, 2 CRIRLZE 28 Fn
M EEES R (2 070 h 12 198 h), Hikh 0~
7.2 CREEI(1 051 h F1 1 126 h) JJt Al Ass 76 J I (788
CU H1 857 CU), £ P=0.05 K F.,0~7.2 CH

BRI A A AR 5 7. 2 C LR 0] 22 5 3k i 3 Pk K F
M 0~7. 2 "CHIAY 5P A AR A ] 2 7 A 3K 1 3 MK
s 7.2 CCRERL 0~7. 2 "CRERI I AR Y ] 22 57 1)
ik P=0.1 BEMAKFEGR6),

2.3.4 3AHAKERRI G LAY 3P
AR [6] F 0y by LUK B AE 28 A 2% IR R AR A
PIEAR —5, LI Il ERALAE 2R AR IR R AL
B, 9—11 A4y ,3 MR~ R AT L RER
LA 12 A bE S IRZE 8 TR0~
7.2 CHRIA IRABEI AR 5K B A KR 7.2 TR
R 2 B R0 43 B 5 7. 2 °C AR R v i I 300 T e
0~7. 2 “CHRIAY R ¥ R I B0 4 2212 A0 At 55 700 11 ¥
TR K AL B T 0~7. 2 CCHIAY,
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Table 5 Low temperature accumulations of Dangshan pear by Utah model(a natural low temperature method) CU

9HALE  9A®H  9AT 1oHAE 10H® 10HATF 1AL 11HA® 11HTF

]I:ﬁtiei 'I‘efipr}::r/;fure Early Mid Late Early Mid Late Early Mid Late
Sep. Sep. Sep. Oct. Oct. Oct. Nov. Nov. Nov.
<1.4 0 0 0 0 0 0 0 0 0
=1.4~<2.4 0 0 0 3 6.75 12.5 2.75 4 5
=2.4~<9.1 0 11.5 53 58.5 98.5 83 138 115 59
(30 =9.1~<12.4 0 10. 75 40. 75 16.75 20.5 41.75 24.25 16 3.5
Low temper- >12.4~<15.9 0 0 0 0 0 0 0 0 0
ature number >=15.9~<18.0 —39 —10.75 —7.25 —7.75 —11.75 —3.75 0 0 0
=>18.0~<21.0 —44 —90 —15 —1.0 —12 —1 0 0 0
=>21.0~<23.0 —23 —41 —10 —0.5 0 0 0 0 0
41t Total —106 —119.5 61.5 69 102 132.5 165 135 67.5
H 411 Total of month —164 303.5 367.5
WA LR /°C 12 H Ik ]ZH"P 12A4TF 1HE 1HA’+’ 1THTF 2 H Lk ZH_LP 2HATF
Ttem Temperature Early Mid Late Early Mid Late E‘arly Mld l:atc
Dec. Dec. Dec. Jan. Jan. Jan. Feb. Feb. Feb.
1.4 0 0 0 0 0 0 0 0 0
=1.4~<<2.4 5.5 1.25 16 2.75 0 4.25 0 0. 25 8.75
=2.4~<9.1 24.5 28 19 20.5 40.5 68.5 16.5 5.5 60
G T R =9.1~<C12.4 0.25 2 3.9 4.5 5.5 5.5 3 4 0
Low temper- >12.4~<15.9 0 0 0 0 0 0 0 0 0
ature number =>15.9~<18.0 0 0 0 0 0 0 0 0 0
>=18.0~<21.0 0 0 0 0 0 0 0 0 0
=21.0~<23.0 0 0 0 0 0 0 0 0 0
41 Total 30. 25 31.25 38.5 27.75 46 78.25 19.5 9.5 69
41t Total of month 100 152 98

x6 MASHERNENGLURRFTCE

Table 6 Application of 3 models for determination of Dangshan pear chilling requirements

% AL AL A Month &3t
Bud Model type 9 10 11 12 1 2 Total

0~7.2 CHiM/h

. . y . IS . .
- Model of 0—7.2 C 0a 136 ¢ 447 a 215 b 146 ¢ 107 ¢ 1051 bB
i B
Flower 7.2 61:%;[:/}10 0a 136 ¢ 447 a 456 a 676 a 355 a 2 070 aA
bud Model of 7.2 °C
Al AR/ C
AL EOR/CU —164 ¢ 303.5 a 367.5 b 100 ¢ 152 ¢ 29 ¢ 788 beC
Utah model
0~7.2 CHi#l/h 5
Model of 0—7.2 °C 0a 136 ¢ 447 a 215 b 146 ¢ 182 ¢ 1126 bB
2 7.2 CHEAY/h 5
Leaf bud Model of 7.2 °C 0 a 136 ¢ 447 a 456 a 676 a 483 a 2 198 aA
o K
Ak BOR/CU —164 ¢ 303.5 a 367.5 b 100 ¢ 152 ¢ 98 d 857 bcC

Utah model

RSB 5 B AR R /NG R R OR 22 7 8 3 (P<0. 05) JAr A KE FHRERR 2R B FH(P<0. D,
Note: The same column labeled with different lowercase letters indicate a significant difference (P<Z0. 05) ,the same column labeled with

different capital letters indicate a significant difference (P<C0. 1).

2.4 BAMEMRTLURREEEBEETAEFEAER d. K 2009—2012 4E X5 1 BRBLIT 46 7% ) 15 30
I EE 8 B R GEIC R T R 10-13, el 11-10,
2.4.1 FretmBae MR JEH R ARKRIRE AT A L BRALVE AR TR AE 7.2 TCRITUAT 0~7. 2
AT SKEM AR GE A EEVR LR | OB A SR (10 A R A)D , 3 Ud I 7E T B
FEIL R R 7. 2 TRl 0~7.2 CREMEA  HIX,RH 0~7.2 CHIBIFN 7. 2 CHRIB A 2 7E—
AR TE] GRS A5, 295 10 H R A AR AR B i R a i AR EE b bE O At AR AR T s Il A S XoF I IR 174 Wi i
mR9H FEaL,REF 7.2 CH0~7.2 CHIRIZ 35 (£D,
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Table 7 Number of fallen leaves of Dangshan pear with time
J"JXE E[./E;H 10-20 10-29 11-06 11-13
Determination date

b/ % -
The number of fallen leaves % 20 70 100
2.4.2 BAGEFELEHRMERMILE 3 I TN

4 én I/B

ARUN AT T 5 L TR B4 AL 28 55 v i 1 A8 Ak i (3R
6) A1, 0~7. 2 CHRITE R BARL A T 7.2 CHIAY
e m 2 b, 0~7. 2 CHRIEI & H 45 10 Bk AL 1
ERMMZER TS BB B R, T, 0~7.2
CHRIRI 7. 2 °CAR Y B8 WG ST ¥ Y] i 3 b DX A7 1) R A
AEZF RN 25 55 8 1 10 SE PR s OO o

3 ¥

KTRWMTEABEME R —EFEZ AL E W
TV I E B M 22 IR T AR R BT AR B TR R
B — ™3 A A BB L R D X G — AR
TR RMAARY JE R E L RE T AES A
HRAE AR A8 A% S A SRR AR [ A b X2 3 a2
ST IR EAS TR XY AR R BT A5 N A ] AR
R[] — i el A IR A (5% 1) B[R] O 58 @ A ], 75 48 =
IRIFE—E M ESR .

ZERIR M BRI DA 7. 2 CHRERI 0~7. 2 °C izl
FAE AASE Y L S5z % J2 2 < b 0 e R A R e A
Bl Sy T 7,2 CCRERL 0~7. 2 C AR T IR
Pl ABE TR 3 PSS H S g A7 5 v T A E R O kT
MR R AT R R COR 7. 2 CC R,
0~7.2 CHRERLA LA AL, — B A8 1 —
AERSDT R X A R A
BRI RS, R R TF IR E AL, 0~7. 2
CHIRVFN 7. 2 CHIBIERI A AR T 7.2 Ci ik
W Z B HCEAE . 5 8 2R S50 S A ik ) 2 A ik
JO7 P A7 HE — 5 25 5 5 0 A 4SS 780 SR SR 4% 4 14 1 161 4
PR, R TOA ORI ROR AL A AL
B o AELAS ] SR AR AR o it o) o ¥ L 262 5 % T 6 7
KR LA,

ARWFFE AR FE,0~7. 2 °C HLRY I b 5 AL
BIRAR RS R EZE ALK, 7. 2 CHRBIH TR
A RAEBUE w5 2 TR BT 45 R
— 5, ABETTIN N R AR Al ASE R 5 9 v SR
7 18 10 R G B RD I 5 A R AR BIRCER 2 ) B A AR
W4 SO A AL 16 °C LA RS IR B . AN A
T V8 Y R R A S SRR X T ) S

i®

S5 201 L RV 0995 T R 0 6 R 1L K
153 v B 0 T DL 7 0T G B X 1
WP T LU BRALAE 25 0 35 697504 1L 0~7. 2
U SRR AR, I T O M X 1) AL
IR R 1051 hu it SFI9F % 8 1126 b,
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