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E TR gigE s HEERET S5WIE

R, mER, 2R, FAF, BA, RIS

CRIRORE B TR AT AR TR T SIS, 0 210044: 2RI50ls BT BRI ATS B, 13 2100445
SWHLA gL, B 310017)

B . AR ER I R NI RE, R AR A R AR R ORE, AL T RUTR
N (Photo-thermal effectiveness, PTE) Jj RE SN AE T BB, Haz 7 o o AT
Uk, g, BRI L. BEFETTIR. REn . ARIE. JESERCRVEE A E TR R B A
45 SEE 2 [ P DA AN AR AR Z (RMSED 20500 2,51, 1.83. 2.68. 2.70 1 2.45 d; 5 DLIA AN
7% (RMSE 4350 8.02. 7.81. 5.46. 5.40 1 11.83 d) A1 PAR HF!/3% (RMSE 40514 8.28. 11.0. 8.52.
5.56 1 6.87 &) MK GBI, BPREEE EE R T 8.6%F1 10.2%.

XBiT: Wil GRS KA B

hESES: S667.6 XERFRIRED: A MEHS: 0513-353X (2011) 07-1259-08

Development and Validation of a Photo-thermal Effectiveness Based
Simulation Model for Development of Myrica rubra

YANG Zai-giang'*", HUANG Hai-jing', JIN Zhi-feng’, LI Yong-xiu', HUANG Chuan-rong', and FEI
Yu—juanl
(iangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science & Technology, Nanjing

210044, China; *College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing
210044, China; *Climate Center of Zhejiang Province, Hangzhou 310017, China)

Abstract: Based on the photo-thermal reactions of Myrica rubra, experimental data from different
sites, years and varieties were used to develop a simulation model for development of Myrica rubra. Then
the model was validated by independent experimental data. The results showed that the root mean squared
error (RMSE) between simulated and observed days needed for reaching the development stage of female
inflorescence emergence, female inflorescence flowering, leaf extending, fruit-setting and fruit ripening,
respectively, were 2.51, 1.83, 2.68, 2.70 and 2.45 days. Compared with the growth degree days (GDD)
based model (RMSE was 8.02, 7.81, 5.46, 5.40 and 11.83 days) and the PAR integral base model (RMSE
was 8.28, 11.0, 8.52, 5.56, 6.87 days), the photo-thermal effectiveness based model developed in this
study increased the simulation accuracy by 8.6% and 10.2%, respectively.
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Wil (Myrica rubra) & ERE =0, WILA & BRI =X (BRER 5, 1993; He,
2003), 2010 “ER MR RLITIRLEL 8.3 x 10* hm®, F={HIA 32 1270, Mt i, RO,
RSN s, = T A R R CREERE 25, 2002), BEHFPRIX-— 8, iR R
WM Ve AR S, 0 I 9 et /N SR SR R M ) A, A BT IS s M AR T ) — T,
PERTMI R A7 N TS £ AR, 4 AR = 2UAY 85 2 0] b () RS I T) o 8RR 4 it
P10 SEZ it 1S 020 LAz AR 21 ST s T 00 g Sl

AT 1 SR A & WO — L4, Har e @i S 7R (3K FF 55, 2005).
%% (Lee & Goudriaan, 2003; #1558 5%, 2007). #WEFN Glide - 58, 2005). i &
CEZE)I 2%, 2008), JEAM GRAEA 5, 2003). A0 CRFFL, 2008). Bk (ke 2%, 2008)
SR R BRI b R EE (2007) ) AE #45 FUB (Physiological product of thermal effectiveness and
PAR, PTEP) Tl =ARHEDI LK G RERE; k555 (2005). T35 (2008) DAL IS
[i] (Physiological development days, PDD) & 5 JUEHE ST T 3¢ JICHIRR Al (1) & B B s I 145 (2005)
FHAKEH (Growth degree days, GDD) AL =& R H b2 .

WM Z AR A, AR Rt S — R 2R, O T ZAE YR B ARG
WM R B R . AEEEZE. 2. 2RI TRER L, i R S S fas S mss
e O R, REMTEASLIE T ORI i & B A, LIS M (1 & & HERERICGR I, it
— PR T SR AR P v SR R AR

O VR RS DARES

11 Rt
I — T 2004—2009 EAEHTITALSE (28° 51'N, 120° 44' E) (K58 Hiidk4T, Al ifhh 2=
FOR AR, R 15 ~ 20 A5 G RERIEL B B R H BT 2 km (AR RS G
IRI T 2010 FELEMLINZR 1L (28° 36’ N, 120° 38" E) (R AIICHI P9 23 33047, At i kb A
TR, WIS 15 ~20 4. RGN K 25 m, % 8 m, &1 6 m [T ARLAERIIH . KM 7S
SRR H B/ %0 (Watchdong 2000, USA) KA.

1.2 #eEE AR o Fa
TR IH A G i R & R i R A B A TEME P L. BEAE T L. R, AR IR
RS, R PRUERLER 1 (B4 25, 1999, BRSFR 45, 2007).

*1 BEEEHRRYSEE
Table 1 Phenophase and dividing standard of Myrica rubra

“EH W Phenophase %4365 Dividing standard

WEFE P L AE2F 00, MEAE Pt B

Female inflorescence emergence (FE) The flower bud differentiation and female inflorescence emergence
HEAETT1E T EAL R T 1%

Female inflorescence flowering (FF) Top female inflorescence bloom

Jent 50% KA JEIT

Leaf extending (LE) 50% of spring sought leaf expansion

LLES 50%F) A AR

Fruit setting (FS) 50% of fruits fruit

P SR BT 0 R

Fruit ripening (FR) Fruit mature and began to harvest
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13 #REME

W EER g B I sg i BN kR R, B H BN F (D) $aAEYIAE S Bl B4 T — RN
BERSEREEREAM T — RO EERILLH]; 850 & 5 AR S RN k2w,
HARITRN, F (R FRAEYIE L BRI 4 T — R B H 5 1Rl BRI 4 N — KRR B A
et Ak HOGUR RN g2 e SE bR il 44 T — R R B SR B4 F— R EHEM
Bl R € B A, LS8 s e R B B BT ) BT IR AN T E IR, LA R T GIR AL
M (Accumulated Photo-thermal effectiveness, APTE) A U, A DL R TR M A4 5 IR
P (Larsen et al., 1998; Marcelis et al., 1998; Margit et al., 2004; REM 25, 2006). YeiH L
I (PTE) vHSEINEWR

R=3 PARG) 1)

FR) ~1- exp " (&>0) (2)
0 (T<Tb)

F(T) =1 -exp” " ™) a-exp”™ ™) (Tb< T<Tm) (3)
0 (T>Tm)

PTE = F(T)x F(R) (4)

HrPPAR G S5/ A IR IS A AT RERS (MT - m™); ROUAEH H 2 H %39 1 K BH e
EHRER (MY - m™), B ARSI T 0~ 1 200, A ARS8 56 iR R IE R, o
MR SR, AR R SUR B BUESE 1 MT - m?, ARRDERN I e, 4 sRir 0
i, (2) RPF (R) 0, YRETMAER, F (R) #iT 1. THHFHSIE (°C), Tb. Tm4r
SR A R ) RN BRI, S A OCCHR, Tb=3.4C, Tm=32"C Oy %, 2008),
M EPEE RN TToE R T Tmi, (30 P fE HHGENF () b 05 4 HAEAHE (D A TThh
TmZ [, & HPGENIET 0 F1 1 Z ), & HAGEN 5 BP0 OCR R AR EREG gy p iR
e, HuERRH¥EE (D SEEEE (Th) 2. &g (Tm) 5HMEE (D 2
IAIZE 1°C, 4 H AN 5 384 e 7 Fite 7

SIDGIRAN. (APTE) ¥t fe d—EF W& HOGENY. PTE WS . T Gi— AN AL
RN gt P 5 S S8 AR B BT AR B R OGIR ALY, I NFEAR K ok, A3 SR
BNAEA R FE RS 2 [AME AR Gl 42 pe, 20035 5KE8T 4%, 2006; F3E)1 45, 2008). N
SPGB A R -

APTE =Bx>_ PIE, (5)

X APTE A H N RGN . B AFEAK FRH T (Basic development factor), &
Al MURE E B S H, S R R EAR R B BRI 1, HAR WA A B R LG %
A e A AR T AR I RGO AT LA B, AT, R A R A S ) AR
JEN 1 PTEi H—HE WAL i RGN .

1.4 (EBIGIGAHE

K HIEEAS PR AER % (Root mean squared error, RMSE) AR Y (AR FIUOUL B 2 8] R 457
AR TR Y (Katharine et al., 1993; Ortegaetal., 2007; {iZ{H %5, 2009):
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RMSE = i(OBSi—SLMi)2 )
- n
XA OBSi A SCBrMIAE, SIMi AFEHRIBEIUE, n IFEAR =,
FIHAREE—H 2004—2006 = FOUEIN FERIAALE —H 2010 SE11) 25 HRIG TER a7 ‘22587 L AR

TR B EE I, F 2007—2009 4 1) 2 il 56 70k Az 2010 G2 AR S0 BEE 36 A 7Y

2 R ET

21 HAYNSHERSRASHHE

FIFHREE— 2004—2006 4F [ 00 2 k)
FIREE: - BRI WKL, R 48T 84 (Spss 60 1 ¢+ ¥ Bigi

o %F® Dongkui

11.00 EF' “hgiis” Jjjﬁ‘é}d‘/lq\ﬁ (2). (3). g o A TEDingao
(@) PSR, SOTER AR BT o Al
(20, (30, (4) HEATHE S HfRHOTRIAIR B2 2 w0

MEL PR RAL B, et § 3%

POLE 1 R R A TR A :

WETE HY L2 R S RS PR UL 5 - 5 B B0 0

EZRE K 0.960, 0.980 F10.980, RMSE 43

Sk 2,164 2.36 F112.50d, &5 G386 HIAR T fUL45 R

R, ‘2R CCRBL M TR MEAE B 1 FTEHSEMHAEEEHNARRE

WIB P R 2 S5 o By FISEAR KRG A

T BIMENR 2. K2 /5 ‘R KENH

T B h0.83, HEREHERRNK, ‘T&H HK ‘FF Kedxmlg.
®2 GiEEERENERNSH

Table 2 Parameters for phenophase simulation model of Myrica rubra

HFH Phenological period

phenophase of Myrica rubra

FE FE-FF FF-LE LE-FS FS-FR

Fig.1 The accumulated photo-thermal effectiveness of

fi ' Varieties a B y B
23 Bigi 0.26 0.49 0.68 1
4%t Dongkui 0.26 0.49 0.68 0.83
T#% Dingao 0.16 0.45 0.56 0.88

22 BUINEMNEIHE

WRIEA (1) ~ (5), FIHIRE— 2004—2006 4 (R FORF RIS — b #E H i 50 PRk 5

RIS AR T T g et £ BT o 1) SRV OGN, PRI 3 PR
%3 BN EENRENRITERYE

Table 3 Accumulated photo-thermal effectiveness for different phenophase of Myrica rubra

A ML H L WL B —REAETTAE MEIRTTAE— R JEem—As A RIS A
Varieties FE FE - FF FF - LE LE - FS FS - FR

2% Biqi 2.3 35 9.0 45 452

44 Dongkui 32 5.0 9.3 72 53.0

T Dingao 94 4.0 4.6 7.3 47.2

e ST TR Bt 80N v SRR N 18] S 5 13 2 FRHE BT E IR Ta), FCoEFE Rt BLARL R IN TR A REEE RS 1 R

Note: The starting time of calculation accumulated photo-thermal effectiveness for each development stage are the standard time of division

phenophase of Myrica rubra, and the start time of the female inflorescence appear is the first day of the year.
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2.3 1RBEELG

AL = 2007—2009 FH 5 Bk RS RN A vk, A (D ~ (5),
AT KRBT SR R AR DGR AN, SRERIER 3 & a Mo B (1) 58 e B F
W5 0 SR OGN, RAHES AT RIS R, AR E & 28 & WIS ), 5 SEpr AR
B DI TR AT X b, SRR 4 FE 2 o, JLUE Y, B BRI I RS U A 2 0 BT
0], ASAULI 34 A2 B AR S RS SEMME R ZE AL 3 do R ASLAUL ) 0 S0 1) 305 452 & I R4
AN (6), THEAGHBADSMEE P tHIL. MEfETTAE . REt . ARG SRS RS 2 AL 5 SIARALL ) [
AT ARE R ZRMSESS A 2,51, 1.83. 2.68. 2.71. 2.45d, 3T 1:1 ZMvkz RERH 0.973,

R4 TEGRHHIGEESEFRRGRBE S TRIE

Table 4 Simulated and observed phenophase days of different varieties of Myrica rubra /d
- ) 2007 2008 2009 2010
EHM i H ; T ;
= N 5 2 EN 5 3 N S T
Phenophase Item . . L. . . . .
Biqi Dongkui Biqi Dongkui Biqi Dongkui Dingao
WML I SEZIAE Observed 57 57 71 74 69 73 36
FE FEUME Simulated 55 59 74 72 67 69 41
%% Error 2 -2 -3 2 2 4 -5
WEAE 7 H IR — A SEZIAE Observed 12 14 13 15 14 12 9
PiRia BHUME Simulated 16 12 13 14 14 13 8
FE - FF %% Error -4 2 0 1 0 -1 1
WETETTfE— et SEZIE Observed 23 18 14 14 15 15 26
FF-LE FEUE Simulated 22 22 16 18 14 15 22
%% Error 1 -4 -2 -4 1 0 4
JE—AR L SEAE Observed 6 15 2 4 2 2 12
LE - FS FBEUME Simulated 7 12 6 5 3 6 15
%% Error -1 3 -4 -1 -1 -4 -3
A L— IS A SEAE Observed 65 71 63 71 65 67 68
FS - FR FEUE Simulated 63 69 59 69 63 65 68
%7 Error 2 -2 4 2 2 2 0
» 00 - ®J7% Dingao & BB Bigi
z © 8 Dongkui 1:14% 1:1 line
3 5 &
w2
K g 60
fr g
o 30 |
= O
o] <, )
® 3 &
g o5
0] 0 i
0 15 30 45 60 75 90
SRR AR E IR Bd

Observed phenophase days

B2 FTRGERMEIEZZE SRAXEELESTAERS

Fig. 2 Comparison between simulated and observed days of different varieties of Myrica rubra

24 HEEIE5EHWINEE (GDD). PARBASEHILLE

g LR FE T GH N 1k B AR 5 F IO 20y (GDD) F1 PAR H BV A i &
HARI R, TR R A ARV PAR H R AMVEIEAT T RIS, 453k 3. il 2 51K 3 Mtk
BERTan, ST R EE T R T OGN AR A AR R RORE B (] 2) W TR SRR
(GDD) f1PAR HF4 (K 3).
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00 m 75 Dingao & ZEFH Biqi  © % Dongkui —— 1:14% 1:1 line

]
GDD PAR A
757 n ° r A
A A "4
60 Q‘o = AO wo P
Q
45 L A
30 ‘60 L o ©

15 F = o omagh 4

M AEE IR HUd
Simulated phenophase days

0 15 30 45 60 75 90 0 15 30 45 60 75 90
SERRII A F B R E/d Observed phenophase days

B3 FRMEGHBEHEEESRXEELESTAERS

Fig. 3 Comparison between simulated and observed phenophase days of different varieties of Myrica rubra

F 3 B v 1Az A2 8 I AL 45 S 5 S B I [) 6T 10 1 e IRl a kR 2 (RMSE)
Y E ZBRAWNFE 5 Fiom. 45 RFW], JETORRAN IR (PTE) WU & IR 5 LA 2L
FUEE (GDD) FIPAR HE 43740 il 4e i T 8.6%A1 10.2%.

£5 FTREBREGEESHBRMSENR?

Table5 RMSE and R? between simulated and observed phenophase of Myrica rubra

RN RMSE/d
[P WiRrR T . s - T
> AR H R WEAE Pt DL —MEAETT 4L MEAETTAE—JR i M —A s AR R
Simulated methods

FE FE - FF FF - LE LE - FS FS - FR
SRR NAE Y PTE 2.51 1.83 2.68 2.71 2.48 0.973
BRI GDD 8.02 7.81 5.46 5.40 11.83 0.930
PAR HEUrik PAR 8.28 11.0 8.52 5.56 6.87 0.918

3 e

AHFAE 2 WM TR FEEA b, 256 2% 18 g i AR K B I PR 1 ZEEREE R 1 OIS
AL T T BRSO I A IR . RN . R AR 7 U R A AR B
SPGB PR SCR BT TR, RS T AR (GDD) il PAR HARAM K2R & IR
HEAT T IO, 45 SR AR (R DR B 3 o T ILAb PRI . A 3R YL (GDD) s f i I
BERED R G 1515, A BB e L E Wi R AR S RERE M LRI 2
IR R — 2 M OC R, WA IESRXA K EMIRAEM . Lhs b, MR ENEE B TR
A R FER IR, NI T BOE SRR B A F AR . PAR HURA 42 T B2 2 KB
TR R IX — 4R, ARAEWTL R, il i & 10 i 15t I sl B R R, 1P 1L 5 3
THEARF, HiA PAR HE BRI AE & IR ZE R K.

AT LE RS A M R I A A DR FE AN 0 e A, I 1R bt AR R 2 R T AR R
I, AEVHEAE H RGN, i B T A A K TR I, BN Ry 0, miskhr b, MMEER
RS R 22 T 52— A R, & IR S IR T, R — 2 R ER (R
Tt &, 2001; E5% 4, 2003; B 5, 2007). A A B mF AR 2 5T
WESR, #e AR SRR BN BEAh, ASHEFT R BRI AR PR TR R, 1 SE R
AR R I ) H AR, F H PR SR AL T R AR R A I E . AR
Wi Dk, 74 Ry, B m IR TORDILI e, kb 58 BB,
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Wit Z S EARARY), AR T EEMY, KEERRZ LERUREIIN, 5 B4
NI AT SR IR TR B R IR AL (C/ND 12K, AR NARIERAI AN R & 5 ez
[AIROR AR o BEAh, AT AP N7 R T G A5 (KA M A 7 DDLU R 2 BB Xl M L Al st X
MIZESE L BT A 3 AR, 0 e RN EG & 1 DX PR R 1 i AR IR A i ) 7 e A
ZHAE, WIS o, p. oy AIEARRERT B,
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