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(i ZEI [EMY OF5)HEE R X A R S AR F R iR K 4 0w 5 R0 & 38 XL p
A S ENSRAE . KDY T 2012—2013 4 B AL IO 5 o o 240 4t X 10 11 e B L/ 4 VBRI R 8 KOV AR 2 5 A
TE 7 b (1) 4 568 3 R R S, 0 HL T CBRLOR SR T AR A R R R R AT TR BB Ve B D,
[l A 5 | 2012 1 2013 AR AR R LR F EEE S A (5—8 ) R FEAZHFA YR BT 2% .
=10 CHUR M & H B0 R FIAHCE 01 K 03 2 Briff ot R 908 T S5 A2 B F 156 & i e U I 4 e 30 A
T FERR N FRIGEME . [E5R]Y S RAE 5 A7 ah 2 5 W3 78/ N RIMEGF 8 HI.5—8 H KAF
YIEWIR2E AERET R .6 —8 H AR B BB U 5 i i X & e SR R W R R LW T8 AR 19.1—21.3 °C,
5.6.7.8 J MAER B R IR 24 MK 10.6—12.3,11.0,9.7,11.7—13. 3 f1 12.8 °C,7 H =10 ‘CHHIE % 636.5 °C,6 J
K AF [ TR B 4 ) R 169, 4 1 637.1—787.9 mm,6.7.8 H KAF H BEAT 44351 4 154. 3,174, 6—200. 8,153.5 F12 405. 6
h 2 4 560 3 SR AE ) 9 = Ve AR X R AL R IS AR R N T D458 80 1 1 98 9 44 M (X 4 56 3 SR B A 7= 1 <
Z &M,
[REIR]  GE A RS BT AG R 7 5 J18Es V 4 X
[(hESZES] S162.5'5 ;S661. 1 [xwksrFmm] A [xZHS] 1671-9387(2016)03-0069-06

Relationship between fruit quality of Golden Delicious apple and
meteorological factors in high attitude area of Sichuan-Tibet

CHENG Ji' ,XIE Hong-jiang'?,
LIAO Ming-an', YANG Wen-yuan®, TAO Lian®

(1 College of Horticulture ,Sichuan Agricultural University ,Ya ’an,Sichuan 625014 ,China;

2 Horticulture Institute , Sichuan Academy of Agricultural Sciences,Chengdu,Sichuan 610066 ,China)

Abstract: [Objective] This study explored the relationship between the quality of Golden Delicious ap-
ple and meteorological factors in high altitude area of Sichuan-Tibet to provide theoretical basis for agricul-
tural zoning and high quality production. [ Method) Fruit quality of apples from Maoxian, Xiaojin,
Yanyuan,Kangding and Linzhi in high attitude area of Sichuan-Tibet were determined in 2012—2013. The
correlation between fruit quality with mean temperature (MT),mean temperature diurnal range (MTDR) ,
=10 C accumulated thermal units (=10 C ATU), amount of precipitation ( AP) and sunshine hours
(SH) from May to August and in annual were analyzed. Then the optimum values of the major meteoro-
logical factors were obtained. [Result] Golden Delicious apples had significant difference in 5 key produc-

tion cities with the better in Xiaojin. The main meteorological factors affecting fruit quality were MT in
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August, MTDR from May to August and in annual, AP in annual and SH from June to August and in annu-
al. The optimum meteorological factors were determined as 19.1—21.3 C MT in August,10.6—12.3 C
MTDR in May,11.0 C MTDR in June,9.7 C MTDR in July,11.7—13.3 C MTDR in August,12.8 C
MTDR in annual,636.5 °C =10 C ATU in July,169. 4 mm AP in June,637.1—787.9 mm AP in annual,
154. 3 h SH in June,174. 6—200. 8 h SH in July,153.5 h SH in august and 2 405. 6 h SH in annual. [Con-

clusion) The meteorological conditions for producing high-quality Golden Delicious apple in high attitude

area of Sichuan-Tibet were confirmed.

Key words: Golden Delicious apple;fruit quality ; meteorological factor;high attitude area in Sichuan-Ti-

bet
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Table 1 Main meteorological factors in five key apple production cities in
high attitude area of Sichuan-Tibet in 2012—2013

I ] il /C F-H R RO 2/ C =10 ‘CHIRk/C Fé T 1 /mm H B4/ h

Time MT MTDR =10 C ATU AP SH
5 A May 12.7~17.8 9.1~13.4 352.5~551.5 62.3~107.4 144.8~239.1
6 H June 15.0~19.3 7.9~11.9 449.0~578.8 125.2~169.4 122.9~172.7
7 A July 17.0~21.4 7.5~10.7 527.8~664.3 96.0~219.3 145.4~204.1
8 H August 17.3~21.9 9.3~14.4 527.8~668.5 70.5~168.1 153.5~205.6
4E Annual 8.7~13.4 8.7~12.8 2 542.2~4 203.5 617.5~838.3 1546.1~2 604.9

1.2 MEHEERFE 1.3 HBHW

AR A Tk A EE S 0.1 g IR
S R AR R RO R S g L 0O
FRIEHEEG R GY-4 B K R BE B3I 2R 52
R 2 5 )k - Y It 352 4 vk DM A8 7 3 s ) PR-
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T RO A R SR NaOH . o Fi 52 vk 0 2 B AR
E R 2,6-D i EEME Ve B
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MR E R T HA 3 ANy s BRI AR SRS B R E S T HA 3 ANy N
INESE R B RIS s /DB R SERE AT S BRI R SERR Ve SR xRS WK ERE,
W T HAM 4 DO R R TR SRS R
T O it T A 4 S H T s /N A AR SR
x2 JIBSBRHMR A EEFMEEERNERRN
Table 2 Quality of Golden Delicious apple in five key production cities of high attitude area in Sichuan-Tibet

HOR TR/ g AP A [ 4

[ & ¥ == P =N ,‘—fl‘\n/\\E/ "“—;v\ A =N .
o Mean %fb?ﬁéﬂl B TEH?—FH.%?/ Py Au}ﬁ%ﬁf Q&ﬁ% Ve G/
KRR b 5 L Fruit 5+ (nmol « cm™?%) . (g kg ) (g kg ) .
. individual (kg + cm ™ ?) . (g kg b . (mg e+ kg™ )
Site . shape A Anthocyanin Total sugars  Total acids
fruit . Firmness Soluble V¢ content
. index content . content content
weight solids content
1% . Maoxian 166.62 a 0.914 ¢ 8.48 b 1.11d 139.3 ¢ 134.0 b 2.54 b 30.5 ¢
/N4 Xiaojin 170.24 a 0.935 ab 9.17 a 4.32 a 149.0 b 154.9 a 3.77 a 45.8 a
FHIE Yanyuan 153.30 b 0. 929 abc 7.39 ¢ 1. 96 be 141.3 ¢ 133.4 b 2.20 b 46.3 a
B Kangding 148. 64 be 0.923 be 6.21d 1.86 ¢ 145. 7 be 136.0 b 2.21b 35.7b
M2 Linzhi 146.19 ¢ 0.946 a 8.31b 2.21b 160.0 a 154.6 a 4.10 a 43.7 a

TE R . RSB S AR A R NS TR FROR 2 57 i3 (P<<0.05),
Note: Values are averages. Different lowercase letters in each column indicate significant difference (P<Z0.05).
2.2 wheBERBRNEESKEF B T RIS 3,
VTR e T 4 3 DX el 3 2R i o 5 R A A
®3 JIBBERMER SN EEFHEBERMRESKEFHEEEXEIN
Table 3 Simple correlation analysis between quality of Golden Delicious apple and meteorological

factors in five key production cities of high attitude area in Sichuan-Tibet

- PREE g i g wme
K4 HWF e Fruit RS i Antho- - Total Total Ve & &
Meteorological factor mdw@ual shape Firmness Cyanin Soh?blc sugars acids V¢ content
fruit . solids
weight index content content content content
5 H May(X1) 0.641 —0.238 0. 504 0.122 —0.574 —0.213 —0.158 0.232
‘ 6 H June(X,) 0. 747 —0.069 0.812 0.232 —0. 306 0.106 0. 206 0.186
if/[(.? 7 H July(X3) 0.921* —0.282 0.831 0.226 —0. 350 0.115 0.207 —0.151
8 H August(X,) 0.965"* —0.417 0.734 0.225 —0.422 0.053 0.118 —0.293
4E Annual(X3) 0.592 —0.067 0. 604 0.179 —0.411 —0.062 0.009 0. 340
5 A May(X5) —0. 205 0.971** 0.397 0. 690 0.897~ 0.928* 0. 878 0.752
. 6 H June(X7) 0. 335 0.742 0.803 0. 810 0.568 0.878* 0. 865 0.713
}S.MX%,({E;RE 7 H July(Xs) 0. 305 0. 750 0.702 0.906 " 0.620 0.926* 0. 866 0.699
8 H August(Xy) 0. 328 0.663 0.638 0.911~ 0. 636 0.938* 0. 857 0.532
4 Annual(Xi0) —0. 048 0.922~ 0.483 0.773 0.712 0. 848 0. 789 0.900"
5 A May(X;) 0.653 —0.192 0.569 0. 140 —0.518 —0. 150 —0.083 0.241
—10Cpm 6 A June(Xp) 0.752  —0.072  0.814 0.232  —0.306 0. 107 0.208  0.180
=10 C 7 A July(X15) 0.919* —0.295 0.822 0.211 —0. 364 0.098 0.192  —0.160
ATU 8 F August(X1,) 0.951*  —0.392 0.756 0.213 —0.381 0.084 0.157  —0.305
4E Annual(Xi5) 0.652 —0.181 0.583 0.138 —0.504 —0.137 —0. 066 0.241
5 H May(Xi5) 0. 186 —0. 664 —0. 266 —0. 320 —0. 286 —0. 310 —0.317 —0.886*
6 A June(X,7) —0.443 —0.334 —0.892~ —0. 281 —0. 441 —0.672 —0.801 0.011
|§%E;i 7 A July(Xi5) —0.363 —0. 080 —0. 349 —0.451 —0.377 —0.572 —0.524 0.270
8 H August(Xiy) —0.524 —0.018 —0. 388 —0.595 —0.233 —0.536 —0.452 0.175
4FE Annual(Xy) —0.533 —0.479 —0.883" —0.696 —0.514 —0. 865 —0.885* —0.262
5 H May(X,) 0.155 0. 363 0.162 0. 607 —0.066 0.167 0.052 0. 861
) 6 H June(X3,) 0. 305 0.481 0.417 0.774 0. 089 0.412 0.311 0. 884"
Hﬂglid-éy 7 H July(X33) 0.675 0. 155 0. 485 0.897* —0.072 0.415 0.274 0.509
8 H August(X2z) 0.732 0.145 0.582 0. 855 —0.117 0. 394 0. 284 0.521
4 Annual(X2;) —0.082 0.494 0.091 0.458 0.065 0.166 0. 087 0.912~

TEBARJEARS * 7 RIR M M B2 (P<C0. 05)  h5 % * » "FRIRA MR .35 (P<<0. 01, TR,

Note:“ % ” shows significant difference (P<C0.05),“ ¥ % ” shows extremely significant difference (P<Z0.01). The same below.
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Table 4 Non-liner regression between quality of Golden Delicious apple and meteorological factors in

five key production cities of high attitude area in Sichuan-Tibet

it EHRLHT

Quality Major meteorological factors

Ial )= 75 72

Non-liner regression formulation

(LIS ¢

Partial correlation coefficient

8 AR (X)) MT of August

r(X;)=0.999 9"~

AL (Y1) 7 A BRI 2 (Xs) MTDR of July Y1 =52. 298 9+4. 366 3X,+
Mean individual . N 5 r(X23)=0.999 9" *
fruit weicht 7 AZ10°C R (X15) =10 "CATU of July 0.175 6X33—0.001 6X5X13
g . . H(XsX13)=—0.999 9~
7 A B BEEHE(X25) SH of July
EIB AR (Y)) 5 AV BB 2% (Xs) MTDR of May

8 B2 (Xy) MTDR of August
index FEH IR 7% (X10) MTDR of annual

Fruit shape

Y,=0.878 9—0. 000 2X¢ X0+

r(XyX10)=—0.993 8**

0. 000 6Xs X0 r(XsX10)=0.999 2"~

6 H &M &= (X17) AP of June
A TR & (X20) AP of annual
8 A H M (X,) SH of August

SRS (YY)

Firmness

Y;=8.363 1—0.000 05X 7 X5 +

V(X17X2(y):7(). 981 1+~

0.000 04X20 X4 r(X20X32.)=0.894 2

8 A (X)) MT of August
8 AV B2 (Xs) MTDR of August

wHFEERYD
Anthocyanin

Y, =—0.438 6+0.002 9XoX»; —

r(XyX23)=0.992 4"~

0.012 4X, X, XiXo)=—0.949 8"

content 7 A HBEEFEL(Xos) SH of July 1R (X4 Xo

E(Ef:[(ﬁly’b) 5 J1 3¢ # BRI 2% (X;) MTDR of May Y5=8. 694 040. 776 6Xs— r(X5)=0.999 7" *
(Y5

6 H H B %0(X2) SH of June

Soluble solids content

0.001 7X5Xo» r(XsXp)=—0.999 1"

5 AF¥ER 2 (Xs) MTDR of May

6 A ¥ BRI 2% (X)) MTDR of June

8 AV B2 (Xs) MTDR of August
7 H H B X23) SH of July

B R (Ys)
Total sugars
content

r(XsXo)=0.999 9* *
r(Xngg):*().QE)Q 7
)‘(X7X23>:O.998 5

Y;=119.277 5+0. 385 2X5Xq—

0.019 4X5X531+0.006 3X7 X3

8 Al (X)) MT of August
AEPE I (X200 AP of annual

RIRE /YD)
Total acids content

Y;=9.308 8—0.000 008X3% —

r(X3,)=—0.989 7**

0.005 6X7% r(X7)=-—0.9515"

5 V¥ B IRZE (Xs) MTDR of May
A H BRI 8 (X05) SH of annual

Ve & (Ys)
Ve content

Ys=16.03+0.001 1XsX5s5

r(XsX25)=0.994 9" *
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2.3 EVREREERKFEAFEHERNEL

Z: BEAT AN T B [ G bR T o 4 e 3 2L 1) 2R 5
e ARAE MR R 2 o AR 2R M L H AR (R ) LR
LT & S R A R W E R RN T RS,
SR 5. R 5 AN £ R IS bR ik
MR REMHEM T, OFRRLFE.S H YR
21.3°C,7 HEHBHRIEZ9.7°C,7 =10 CHK
636.5 °C.7 J1 A%k 197.0 h, QFIEHEE.5 H
ERER R 12.3 °C.8 A BB RIRZE 13.3 C,
AEHE R 2 12.8 'C, QORI 6 ] FEW &=
169.4 mm, R H 787. 9 mm, 8 A H M ot %k
153.5 h, @AEFFFE:.8 AR 19.1 C.8 ¥
YIEw 22 12.6 °C,7 A HEAF% 174. 6 h, @7

WYERIEY & &5 A FERE2ZE 11.2 'C.6 AH
MEET % 154.3 h, © BbE & &.5 H P ERIEE
10.6 °C,6 A BEXREL 11.0 °C,8 AEHEK
M2 11.7 °C.7 H H My % 200. 8 h, @MW & & .
8 H¥iR 20. 0 C4EREF & 637. 1 mm, ® Ve &
5 AP et 2 11,4 °C L 4F H BRI 2L 2 405. 6
ho Z545 3 rif e 4 ek 3 B AE )1 v v A b IX 3R B
R E TS E AN 8 A¥E19.1—21.3 C.5,
6.7.8 1 MAEH BRI 243k 10.6—12.3,11. 0,
9.7,11.7—13.3 fi1 12. 8 °C,7 =10 CHE Y
636.5 °C,6 J SAEREMI & 4> 50 169. 4 1 637. 1—
787.9 mm,6.7.8 J KA H AT £ 50 R 154, 3,
174.6—200.8,153.5 F1 2 405. 6 h,

x5 ISR REBERBREMRANEIESKRETFERFRNREE

Table 5 Optimum meteorological factors for high quality of Golden Delicious apple in high attitude area of Sichuan-Tibet

A2 Fruit
o b 7 ISP £ TR bR R R (R (ED
Hich }”fm ind Value of Major meteorological factors for high quality (optimum values)
igh quality index high quality

2L i Mean 170 8 H ¥ MT of August (21.3 °C) .7 HF¥EWEKE 2 MTDR of July (9.7 °C).7 H=10 C
individual fruit weight & B =10 ‘CATU of July (636.5 °C).7 H H &K% SH of July (197.0 h)
RIFEH 0.94 5 AW B2 MTDR of May (12.3 C).8 A ¥ B K2 MTDR of August (13,3
Fruit shape index : CH. AW EHE 2 MTDR of annual (12.8 °C)
TS i 6.5 ke/cm? 6 H M & AP of June (169. 4 mm) AE[E & AP of annual (787. 9 mm) .8 H H Mm%k SH
Firmness : g of August (153.5 h)
AR IR 3 nmol/em? 8 AR MT of August (19.1 °C) .8 A F#E R IR MTDR of August (12.6 'C).7 A H
Anthocyanin content /e BRI % SH of July (174.6 h)

AT ; A~ EL
z{){i’hrt'i'j'if A 145 g/ke 5 A V- #8 A% MTDR of May (11.2 °C) .6 H H BB SH of June (154.3 h)
ISY A 140 g/k 5 a2 MTDR of May (10.6 °C) .6 HF¥ A E2 MTDR of June (11.0 C).
Total sugars content g/xg 8 A2 MTDR of August (11.7 °C).7 A H B4 SH of July (200. 8 h)
M fifs A L
i;;ﬁiilﬁafdi content 4 g/kg 8 H i MT of August (20.0 °C) AEFKF & AP of annual (637.1 mm)
Ve & & Ve content 45 mg/kg 5 HWVEWEKRE 2 MTDR of May (11. 4 °C) J4F H B A% SH of annual (2 405.6 h)

3 bhiE e

SRR RN R R L R A SN T RE
SRR P 2 S 2R X3 B A B il A E AR AR
WRAE o AT R B 1 B M R X 5 — 8 1 K
FER R AR 22 =10 C R, H RS
0 I TR B0 4 e 3SR BT TR L A A [ AR B Y
SO R RS T 8 AN bR Y 6 NI F M e
R 22 1 2 5 R W AEL T PN AR e AR A S R ol
EBRRIRME R RN P B RRZEMAT K
AP A UK - 49 e A L 2 A N T A T A M X 3 e S
R il A TR AR ARR F L ELAR g )1 G iy 10 44 31X
SR A 7 ) B E RN I

Tustin“'™ & B 568 P 375 56 3 00 WO 55 37 5R
BAAE PR Y & BB IERON . AR R T
1 H B ook B R o s B IE RO L {H 6 H g
IS0 ] e [ 4 5 A B SO i) LA [

S04 BT 2R S A SRS R B A 25 S . AR BIEST R
B B R B - 45 e L 22 S H IR I 50O R )T R g
T PR X 4 el S R AR T H LB I AL R X 5 K
AN R AR E MR A R AL 5 AR
SEUUN ML WO BTSRRI TR T
FEAE R A ] (9 0 A S0 K LR & B 5 AR e T
S SC AR [R] 2 A 7 T AR TS IR AR BRI R0
Ve & B AT ROV L 3X AT BE 2 i T3 581 i A i A [A)
Loy e 7 6 9 22 52 B 80, AW T B 5 Y i A 25 I
F R LA A R i 9 5 M DX S 2R DX R e it A S TR
I 2 T DUPUE A 85 A A BB R LR .

DG e T 4 3 DX 3R F2 7 X A R SR AR BT A
BLE R B R J1- . AR B 58 R B A6 )1 980 e g 4R
M DX e S R B AT TR AR 3 A 2L R g L TR
RS B R A R A (E % M DR S i /L X —
7 T2 R T e AR R SR AR T X AR R B SR
FRAE B o5 — 7 T o2 DY DR 32t ISP SR AR T AR R A
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