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Response of phenophase to meteorological conditions and flowering forecast model on Amyg-
dalus communis in Shache County, Xinjiang, China. XU Xiang-ming"*, GU Pin-giang'",
CHEN Cong-min®, LI Zhong-xia®, FEI Lei' (' Fengxian District Meteorological Office, Shanghai
201416, China; *State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing
Normal University, Beijing 100875, China; *Meteorological Bureau of Shache County, Kashi
844700, Xinjiang, China).

Abstract; Based on the phenophase data of Amygdalus communis and homochronous meteorological
observation data at agrometeorological experimental station of Shache County during 2008 -2013,
the change characteristics of phenological period of A. communis and the effects of temperature and
sunshine duration on them were analyzed. The results showed that before flowering, positive correla-
tions existed among the first day of phenological phases, and after flowering, the correlations among
the first day of phenological phases were mostly less. A significant positive correlation was observed
between earlier bud flower swelling and the days of dormant period and growth period, and a signifi-
cant negative correlation existed between later bud flower swelling and the days of dormant period
and growth period. Before fruit maturation, there was negative correlation between temperature and
the interval days of phenological period, and after fruit maturation, the correlations were mostly pos-
itive. But the correlation between sunshine duration and the interval days of phenological period was
positive before and after fruit maturation. The interval days from fruit maturation to the beginning
date of leaf colour change had evident response to the average maximum temperature, and the inter-
val days from the emergence of inflorescence to the ending data of flowering, and from the beginning

TES SR LI 2012 AE RSB =R GRS [ Hh AR (2012) 357 5 ) A BT AR WK (L4 2%) BHE R R IE & U H (201324) ¥ Bl
This work was supported by Shanghai Meteorological Service Projects for “Three Agriculture” from China Meteorological Administration in 2012 [ China
Meteorological Administration Letter (2012) No. 357 ] and the Science and Technology Development Fund Project ( Social Class, 201324 ) of Feng-

xian District, Shanghai.
2015-05-25 Received, 2015-11-30 Accepted.
# WIRYE#H Corresponding author. E-mail; gupinq2004@ 126.com



422

NOH A& d % i 27 %

date of leaf colour change to the ending date of leaf fall, had obvious response to sunshine duration.
When the dormant period exceeded 30 days and the average daily temperature met the rang from
-3.0to =7.5 C, A. communis would get into the flower swelling period after another 17-28 d.
There were one-to-one correspondences between flower swelling, the beginning date of flowering,
the beginning date of leaf colour change, the ending date of leaf fall, and the first pentad average
temperature greater than or equal to 4 °C and pentad average maximum temperature greater than or
equal to 12 °C | pentad average temperature greater than or equal to 14 °C and pentad average maxi-
mum temperature greater than or equal to 22 “C in spring, the first pentad temperature less than or
equal to 10 C and pentad average maximum temperature less than or equal to 18 °C in autumn, the
first pentad average temperature less than or equal to 1.9 °C in winter, respectively. By using partial
least squares regression analysis, the first day of flowering forecast model of A. communis was estab-
lished with good prediction.

Key words: Amygdalus communis; phenophase; meteorological conditions; correlation analysis;

flowering forecast model.

BB 4 B B ER, 224 i Bk (Amyg-
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1.1 R IX MR

VoA B oAb Bl U 3 B BOK 7 R 4%
(37°27'30"—39°0"15" N,76°1'57"—77°46'30" E) ,
BB 1231.2 m, jE &8I X A 3R 38 &, 7F
1800 ~4550 m""*" 1% X i W iy K Bli v+ 300, &
AET /DT B &SRR, AR H 2 K%
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17 eI b H R BRI 1 PR IR S E A4
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®1 FEFE 1981—2010 FRFRBEXLBHRRAER
Table 1 Dates of start and end of different boundary tem-
perature and accumulated temperature in Shache from 1981
to 2010

SRR HIH ZH MfE HBC WEBNE AR

Boundary Start End Days from Active Effective
temperature date date start to accumulated accumulated
(c) end temperature  temperature
(©) (©)
=0 02-13 11-29 289 4704.8 4704.8
=5 03-06 11-12 251 4599.1 3355.9
=10 03-22 10-23 215 4303.7 2192.1
=20 05-06 09-09 126 2737.1 466.4
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WG E) AN TFAE LR 48 WA T — e sk Rl B L 4%
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WIS A F BB, IRIR I R 9 it R -6 2R K, AR
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PRARIWIA 11 7 23 H2RAE2 A 27 H FERECH
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Y ERIh2 A28 HE 11 A 22 H, FHRECH

2
2.1

x2 BEMYEHRSZUERBNERPRYEMERRY

268 d, %5 K 259 d(2012.2013 4F) , KN 289 d
(2009 4F) , PRHR T | A K A9 A7 o5 B R30S B R
BAHZEL 1 ANH(F2).
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Table 2 Phenological periods of Amygdalus communis and their correlation coefficients with other phenological periods and

days of growth period

Wi THH M P15t Phenology period LS

Phenology Average Growth

period date period (d)
A B C D E F G H I ] K L M N 0 268

B 03-03 098" "

C 03-18  0.81 0.90"

D 0320 0.70 0.82* 097"

E 0401 032 0.47 0.79 0.89"

F 04-06 031 0.43 0.75 0.83* 096"~

G 0324 0.65 0.72 0.89 " 090" 084" 089"

H 0327 0.56 0.65 0.86 " 090" 090" 0.94* 099" "

[ 0331 049 0.61 085" 091" 095" " 0947096 " 09"~

] 04-10  0.25 0.36 0.70 0.80 096" " 097079 087" 089"

K 07-29  -0.06 -0.13 0.00 -0.04  0.06 026 004 007 -0.02 0.32

L 1023 -0.12 -0.06 0.06 024 036 0.14 -0.04  0.06 0.16 035 -023

M 11-10  -0.48 -042  -0.24 -0.08 014 -002 -038 -026 -0.16 0.21 011 0.84~

N 1025 -0.28 -0.19  -0.03 0.17 037 0.16 -0.08  0.03 0.14 037 -020 098" * 0.88"

0 1123 -0.57 -0.63  -0.57 -046 -0.16  -0.04 -0.14 -0.09 -0.11  -0.02 0.08 003 002 0.11

K Growth -097** -096** -0.82* -072 -034 -030 -057 -050 -045 -0.25 0.03 010 050 023 0.64 1.00

period (d)

% P<0.05; * * P<0.01. F[H The same below. A: {£%E[% K] Flower swelling; B: M ZE% KM Leaf bud swelling; C: ££2E T U Flower bud
opening; D: MZEF Y] Leaf bud opening; E: J&M-4H1Y] Beginning period of leaf expansion; F: J&IH 3] Peak period of leaf expansion; G: VA
B Inflorescence emergence; H ; AL LG Beginning date of flowering; I: FFAE A Peak period of flowering; J. FFAEAR S End period of flowering; K.
A Fruit ripening date; L IH-725 8 a3 Beginning date of the leaf change colour; M: 425G Leaves all changed color date; N V&G

Beginning date of leaf fall; O: %M M End period of leaf fall.
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Table 3 Meteorological conditions of dormant period (end period of leaf fall to flower swelling)

O AR AR FEZE R I EEASE- PR PRI PRERARRIR PR
Year End date of Flower Interval Average Average max Average min Sunshine
leaf fall over swelling days temperature temperature temperature hours
last year () (C) (°C)
2008 11-24 03-04 102 -5.4 0.4 -9.9 524.5
2009 11-24 02-12 80 -2.0 4.7 -7.0 433.1
2010 11-24 02-28 92 -1.9 4.4 -6.8 501.5
2011 11-20 02-25 97 -3.3 3.7 -8.8 607.3
2012 11-20 03-25 109 -4.0 1.6 -8.3 517.8
2013 11-24 03-06 102 -2.0 4.8 -7.6 558.8
-1 Average 11-24 02-28 97 -3.1 3.3 -8.1 523.8

R4 ARERHACGEMHARA-LFEX) ENERASSKFGHNEXRY

Table 4 Correlation coefficients between phenology of dormant period ( end period of leaf fall to flower swelling) and mete-

orological conditions

Yzt LAEFEMRM AEZFRERI Il H 4 RS PWEEAE PREAAGR H R

Phenological End date of Flower Interval Average Average max Average min Sunshine

periods leaf fall over swelling days temperature temperature temperature hours
last year

i PN -0.57 - - -0.48 -0.55 -0.43 0.48

Flower swelling

Tl H % -0.33 0.96" - -0.58 -0.61 -0.58 0.56

Interval days

MIAHSEME i 3.2 4 A1, 2008—2013 4, fiff 5%
X E AR A2 4 F 4 11 7 24 H (#£ 11
H20—28 H ,#28 d) , 45 T 442 H 27 H(FF
2H 12 H&E3 10 H, 2 26 d) RIRIAK 5
T AR LIRS 55 1 SR G, SR 2R K RUR 2
e k2 TE A 5 5 B AR R B i) S 2 AR A -2 ~ -4
C, H BREELE 500~ 550 h, PR IR K 565 5 30 18] 1 -
PSR AR R AR RSN ASE, 5 HIR
B30 55 1) 1E AH 3G, e 78 28 B8 K 19 4 (8] 3 B
5K TP AT, A6 20 I K 3R R B e AR BIR 1
. T AR AR 2R 1 K 3R 5 Y A4 1 WGk B 3
SE=4 C" iR m R E =12 C T
—3.

I EL LA 2008—2013 4F 3 AR HRE 1 )5 ik
JEAR R FEBR I EE (L) 0.5 °C R aIFR L fs ) I5 AR R 2
RO B H 05 46 28 2 K H B IEA T A DG A0 #
K H S IRA S -3.0~-7.5 C R EH 30 d
(1) H 94516 28 0 K 3 00 R S 1k d5c g, W 1 A8 Ak
P—E(E 1), HKERECH 0.93(P<0.01),i% H M
SIEZE I 0 (] B H A — ek 17 ~28 d. 3l ad it
I BT HER Y AR 1 B 2E I R LR S
JE A AT BB B ELR IR 2005 S — AT B8R
PRBIR 11 > 1 ek J3E 2 5 i SR A AR IR Y 5 B 2 19 A< A%
SR, A BRIR AR R 5 2 20t — Bensd o] A4 1R 4%

PR(RZ ATV i) A RRUR] M) FE 3 R — 58 2F
[N 1 =

2.2.2 M H A AR R (A6 20 I -3 i AR ) 25 W 1
W SREEMMmEN R B EBAET T 3
H A EZE R BRI BE B0k 17 ~34
dCFEIR 25 d) Gt 462 R-AE T 1 3L ]
% A S ARAE B P B AR AE 22 8.3 °C, 2 IRAE
()% Bl R s MR, A 28I K467 Hh B (R) B H 2
(AR (R) 22 SRR, i 253K 27 d (3 5) . A b B 4L
SR 5 R A ] 61 [ R A o i B q =R i S 4 [

03-22 ——1

03-12 1
03-02
02-204

02-12

H # Date

01-31

01-21

01-11 h . . . )
2008 2009 2010 2011 2012 2013

4F #} Year
1 %5 H PSR G -3.0~ 7.5 C 1 RZBUREH
30 d i B H B (AR H, 1) FAEZE g (1)
Fig.1 Date of the full 30 days, the daily average temperature

was consistent with the cumulative days at =3.0 to =7.5 °C (in
the legend, referred to as “date of cold temperature”, 1), and

flower swelling period after leaf fall ( II).
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Table 5 Linear regression analysis of interval days of phenological period (y) and meteorological factors and pre-phenologi-

cal period (x) on growth period of Amygdalus communis

A4 G | LR PE A 7 TR R
Period Meteorological factors or pre- Range Linear regression Correlation
phenological period equation coefficient
AR -AE 7 A AEZEIZ K H ) Flower swelling date 02-12—03-10 y=-0.5255x+56.689 -0.7204
Flower swelling to 453 Average temperature (°C) 4.9~13.2 y=-1.5086x+38.508 -0.7058
inflorescence emergence V35 = S Jii Average max temperature ( °C) 11.0~20.6 y=-1.3393x+46.361 —-0.6828
S AR IR Average min temperature (°C) -1.3~5.6 y=-2.0188x+30.616 -0.7529
H HEHF4X Sunshine hours 92.2~259.0 y=0.0609x+15.208 0.5740
A H B - e AR 167 BE B 3 Inflorescence emergence date 03-16—03-31 y=-0.3210x+43.742 -0.5564
Inflorescence emergence V-3 Jlk Average temperature (C) 12.4~16.6 y=-1.2051x+34.207 —-0.4659
to end period YA AR Average max temperature ( °C) 19.1~23.9 y=-1.2353x+43.496 -0.5190
of flowering AR L Average min temperature (°C) 6.5~10.0 y=-1.1954x+26.297 -0.4589
H FEH$ %X Sunshine hours 67.3~196.7 y=0.0702x+8.0539 0.8965 *
TFAEARIN 2R S FFAEAR I H M End period of flowering date 04-05—04-18 y==0.4399x+154.12 -0.2773
End period of SR Average temperature (°C) 21.2~23.8 y=-1.8620x+151.6 -0.1997
flowering to fruit -4 H Al Average max temperature (°C) 28.1~31.4 y=-1.9152x+166.52 -0.2533
ripening date SEE ARSI Average min temperature (°C ) 15.0~17.0 y=-0.2585x+113.98 —-0.0245
H %5 Sunshine hours 853.7~1215.7 ¥=0.0367x+72.738 ~0.0245
RN R AR RITE H B Fruit ripening date 07-14—08-10 y=—1.1229x+324.84 -0.9546 "
Fruit ripening date to TS Average temperature (°C) 19.2~21.8 y=9.8823x-110.62 0.6649
beginning date of P-4 85 7 S Average max temperature ( °C) 26.5~29.4 y=10.291x-195.24 0.9161 "
the leaf change colour P AR A IR Average min temperature ( °C ) 12.5~14.8 y=2.6846x+51.753 0.1954
H HEHF 4L Sunshine hours 525.4~882.7 y=5.5307x+42.011 0.4294
IH- 75 2 s 1 - R 1 75 053 H 3 Beginning date of the leaf change colour — 10-10—10-29 y=-1.0041x+328.55 -0.9094 *
Beginning date of SR Average temperature (°C) 3.7~7.8 y=1.9889x+18.999 0.4389
the leaf change colour SR AR Average maximum temperature ( °C) 11.8~16.7 y=2.0287x+2.3297 0.5199
to end period of S F AR Average minimum temperature (C) -2.1~1.2 y=1.8497x+31.203 0.3459
leaf fall H BEET4L Sunshine hours 137.5~353.6 y=0.0741x+14.109 0.9119"

YMERA (x) MEEES_B4F 12 H 31 HREL Phenology period (x) was the number of days from December 31st last year.

SRR ANSE, 5 H RS IE ARG, BIAEZE a3
H(ie) AIRRAC () | H B8O 2 (), 8]
b H BRI 2B (45 %8) . H SRS =7 C iy H %L
FE SRR -5 46 2RI KA e Hh B ) B H 450 5%
P T A A BRI, U A A6 2RI K- 7 B
] HL 8 B B SR =7 °C L, <7 CREE K-
167 L EIRR HBCE K 2 2009 F1 2011 48 H -3
IR =7 C ) H BTSSR 5I120F 10 4,100 °C,
St/ R RAR  FLaI R H B, 2 30 d.
FHAKLZE KT 4 A FAJaETda), %
W (FEFF TP AEAR M) — AR 2E 11~21 d(FHh
17 d) HAGARES: B80S A2 N B3 W T G,
55 Bernad 2517 A A IR AT ZE K B HLAY 48 3 A —
B RS 0B B IR B IR G 5 AR
HELRLGR B UM OC, R H BRI B 48P T B
T AR R B TR AE B2 R AR X T8 4, XoF 3 I
20 B EUAE T A R JF AL IR I 5 244 B
PR =14 °C TR SR =22 C T A
— 3 AR RRIE R 13~ 16 C, s Al

N 21~24 °C, SEFARE" IS B H P
B IRIEAY G

RALWAT 7 ATEHZE 8 H LA, AR M-
SRS a1 B H $0Ch 100~ 124 d (P32 110
d) , FCIE]BR H RS R AR R B e IR Al B IR
FPEICRH SE MR8 O, U B IR AR IR B R 2K
A (] A8 A% 2R S A 28 K R 1 55 e AN 5URR. A BE 5T
FHA Bt H SR =20 °C B9 TR SRR IS I H &
IR =25 C Y H AN £, A sl b g
5 DX ELAB I 8 AR - 2R 5 U A O 35 B H -
PIRIRAE 22~24 °C . IR S sl b 1] 1E B 75 42
— AR R | IR TR R, R R
SRR oA e e R SR B RO X R S AR
BB RS2 BT R FE XA B B
I hnaE K M AE B AT AL 2R A A B R N T A
Farsmr=.

AR R I K 2 BLTE 10 H R A, 3252
- A e g WY BB H 250k 71~ 104 d(CE3H 86
d ), J )b H 5 S0 s R R ] A 2 i
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Table 6 Meteorological forecasting factor and fitting effect of the model of peak period of flowering on Amygdalus communis

My T A F Predictive factor Y el Y S2iE PR HLAIFH I
Year X, X, X5 X, Calculated value ~ Measured value Error Fitting
(T) (T) (d) (C) of ¥ of ¥ (d)

2008 -9.5 1.8 90 171.8 18 18 0 WERf Accurate
2009 -3.8 4.1 82 196.5 10 10 0 W Accurate
2010 -2.8 5.2 82 187.9 12 11 1 HERf Accurate
2011 -8.5 3.0 94 126.3 23 23 0 WER Accurate
2012 -9.2 0.6 98 79.4 21 21 0 W Accurate
2013 =52 3.2 85 201.4 14 14 0 HERf Accurate
2014 = -39 3.8 89 133.1 16 18 -2 HEf Accurate

Xy : 1 AR Average temperature in January; X, : 2 H NAEHSE Average temperature in last ten-day of February; X;: F4F 12 A1 HE 3
H 15 B <4 °C 1Y H S Days of average temperature < 4 °C from last December 1st to March 15th; X,: FA 12 H1 HE3 H 15 H=0 C{
BHFUR Active accumulative temperature by the average temperature =0 °C from last December 1st to March 15th; Y. JFAERARE 3 H 15 HW AP
Date for peak period of flowering to March 15th. * fENHEBE4F{7 As the year of inspection

SRS R G A R B 3 B AR DG R R
T H BRI BCR R B3 B IR DG, 5 Y R AR
FHOCHERE /N 2 I R S B2 7 (AR ) P390
R (IR, SRS I -5 a4 3 R By HARRE
(4sa ) . A8 0 00 1] 5 21 A Bk R 1 A BRI
<10 C PR <18 °C 17 H—2L.
AR BLEE 11 A T A), JE M AR W e AR
I MR AR 22 8 d, 2t L R T 30 Hp A ) 22 5
e/ N — P I A 0 0 -V SR A Y Tl B H
BN 25~33 d(EHh 28 ), FHib]FE H B s mAE @
IR R B 2 A0 AR DG, S R B A B
IEAHSE, 5 AR AF7E 55 10 15 AH 56, 2 B H R 2500w
2 M HEIR MR AT H e s AR s | A
B8 H BT KI5 AR 5 S AE A RO RRE A
<1.9 CHEET L —3, 5ER T 11 JJKHTE B4
AL BRI
2.3 L EWIFE R R R T
2.3, 1 FFAE I R R A N TR AE I A
B A = el i B Y 2 — , — BN
O AHSCHR T TR AR BT 3, 3 A T A S A A
I A 2E T SO N A {EL AR SCEE B 2008—
2013 AFZE H (4 A ) AU H RSB, S #4150
T 5 L MR 3 I H5ORT AN [) 55 B L B8 1 40 L ¢ 1 % ] o
HECEEVE TR A 5 2805 o SR & B 7 5
FEAE RS AH DG | BE B AH DG M 3k i 3 K P IR 7
Z s HEA —a P ORI AT (3 A
15 HZH0) A R R R . 20 ik, - 16
TR A AL e A B TR T4 5o 1 A SEE R
(C,X,) 2 AMAPFEAIRCC,X,) B4 12 1
HZE3 H 15 HIFHE <4 CyEE(d, X,) . B4
12HA1HZE3H 15 H=0 CHEshRE(C,X,) K
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