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CAbRARE R MR B, 6T 1000835 2 IRVTIM G E LR ER AL fRHE R, =N 6741000

B OE. A R SRR A A A KRB, G B R ALY AN LRI
AN R, ST T DA B FA (K 5 A 2 A KRR TIPS 1 0 i of
BERHEATAY S . AR BRI T RAC WA Al B H” R <2F%)7 BEsk. PRk, AhEREEMRER K
M RS A R P S SE PRI P R (RP) BT 0.98, 0.98, 0.95: [HIIfH
bk 2 (RMSE) 0 HIMET 2.06 cm. 0.85 mm. 1.21 F; TN %2 (RSE) 25K T 4.8%. 2.8%.
8.8%. R WIIZMIALN L A KARFR (K TN BB, 7T DAy 5 A8 2 =2 A = v 1 ol ORI E 1) i s A1t
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Study on Stimulation Model of Growth Condition of Cymbidium hybridum
Vegetative Growth Period Based on Production of Thermal Effectiveness
and PAR

WEN Lei', TAN Mei’, and WANG Si-qing"”"

('College of Landscape Architecture, Beijing Foresty University, Beijing 100083, China; “Department of Life Science,
Lijiang Teachers College, Lijiang, Yunnan 674100, China)

Abstract: Product of thermal effectiveness and PAR (TEP) is an important method in the crop growth
simulation models. The growth condition including the longest leaf-length, pseudobulb diameter and the
number of unfolding leaf, is an important index in Cymbidium’s vegetative growth period. The aim of this
study is to investigate the effects of both temperature and photosynthetically active radiation on the growth
condition of Cymbidium hybridum vegetative growth period. According to the characteristic of growth and
development of Cymbidium responding to temperature and light, Cymbidium Hiroshima Golden Cup

‘Sunny Moon’ and Cymbidium Great Flower ‘Marie Laurencin’ were used as experimental materials to
study the growth and development simulation of Cymbidium in the greenhouse by the method of TEP. The
results showed that the predicted results, including the longest leaf-length, pseudobulb diameter and the

number of unfolding leaf, accorded well with the observed ones. The decision coefficient (R”) of predicted

Wis BE: 2013 - 12-20; fEEIHHE: 2014-03 - 11
HEEWB: MxE T f BHESEEIRIEE (2011BADI12B02-01)
* JW{E/E® Author for correspondence (E-mail: wangsiqing547@sina.com)
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values and actual measured values of the cue ball, cormel, sun ball’s longest leaf-length, pseudobulb
diameter, the number of unfolding leaf of the two varieties were respectively higher than 0.98, 0.98, 0.95;
The regression estimation standard error (RMSE) were respectively lower than 2.06 cm, 0.85 mm, 1.21;
The relative prediction error (RSE ) were lower than 4.8%, 2.8%, 8.8%. The simulation model is applicable
with few parameters, and can provide an effective method to predict the growth condition of Cymbidium’s
vegetative growth period and decision support for the light and temperature management of greenhouse
Cymbidium’s production.

Key words: Cymbidium hybridum; vegetative growth period; growth condition; TEP; stimulation

model

VEW A KA DL R G AT SR BRI U EACK & BB EY ALK RE . mER R
KON IREEI SN, i 7 FUE A, 2003), S 4 Bhil = AR A= = BR800 1 4 RS il = AR Rk 1
BEACAL S hRvEALIAA ) TR (BT 48, 2005). MHHEIE R, 1EWARKBIUTF0IE 3 2L P 7E R
HAEYI LA e —LE T LI BEAEY), 0Hil 3 A6 IO IFFEIE EE A SS « Pramuk A1 Runkle (2005) 7 %
1 S8 R A ' 1 SR AR X gt A R RUAAE R AR KR BIRDLREAT 1. AR AE (2006) B KR
AL A i Ak, $2 0 TR (Product of thermal effectiveness and PAR, TEP)
(PO, A 0 A AN [0 T4 J0 0 = e — i 40 58 i ml — A= 7 1 P 75 1) SR AR AR AR — B
BIRT S (2012) JETHEABUR T 3 Rl Pt i Fa bn S5 G RO BE AR A (1) OC 2R, IR AR XS 1 N 4))
AR R S AT AR B O T

KAEH = (Cymbidium hybridum) & % J& 153 B A AP 2R B 228 F CRIR R, 2004), H i
o E AR 2 FECR AR R BT B, AR, AEEK, ST KA ER i,
S MBI TAETTEE 3 ~ 4 AE A . KRAERE 2T 2R e R B Z ir A IR ) — BUE 4
KW, ZAH B AR T BOE NS B ISR R 2E, AR ot a& e 2 B IR . B, fER
A 2 A g R e D] R U PN PR B A5 SR R A o L AR K A T R U A A e 3 1) S A
B, AT R AR AR (TEP) #7 K e 3 228 F2 AR K AR KA B v LX) KA 3 =275
AT R AR AR S AT T

QY ViR SRS DARE

11 #RiEsat

AT 2009 4 12 F 42 2011 4F 3 HAEAE ROl R A R B2 ] ] 2 JH b Py BIAR A 3 it

ENHAT . WRIPESY KAEE 2 R B H” (Cymbidium Hiroshima Golden Cup ‘Sunny Moon’ ) Fl
‘44%]’ (Cymbidium Great Flower ‘Marie Laurencin’) FJZHE5 1 (TEPEZFE .

EHAERAR: . KIBIEAR—3, mh ) osse . BUDRERY et i BUIL R ORIE 2N, 1 AR
AER 2 AR, SRR AT A, RIS EE UM SR AR B, BT 60 em S ERZZ IR b N P
6 ™MH, Wi 18 em Zidy, ‘BAH 8 Fnt, ‘L) 6 Jit, ARMT 12 om x 12 em WIS FRET; 1
AR 2 AR ZE, —ANBREERAIT IS I, I K 17 em, JBIT 4 i, CB4)7 ZFK 5 em,
ARJEM:, AT 15 om x 18 em IR AIER G 2 AR 3 AU, AT RGP,
FK 17 em, ‘WA BRI 4 b, BZ) ORREM, ARAT 18 cm x 22 em R AR R,

PRI W, R 1 MR E A WY, W5 2 fEIEMRE = B NI, AL B MHRE =M
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Jeo A, M A =P 55 m, B35 m, = Sm, i 18 LRGN LM B iR P 45 m,
% 30m, @ Sm, BOEEG. RAIHEE SRKIONE BEA T F 0, A KONLMIK AT BEAT il % P o
WU 1 T ARSI, X 2 P 5t R IR AE R o R ] S AR BE o, 5P i
Toft 28 v 1K T B AL HE A AE PR L, NI & S A R A 5 3SR o e A i KA 2
1 R 5 A ML % 0 A 7 A T

1.2 MEMBSEAZ®

RG] F ZDR FR AL RS 1 Sac s SO L 3 P9 PR 4508, SRAE AL B /N MRIR E K
Fe #2256 2 BT A IR RO IRGR A, R N A 30 min 1 K. AUARIEAIAR R 30 cm, B 3 A
Hi# 1 k.

I 1 A SR A TS R 5 BRAE KA — SR pR, A B BEER (AR, FEk
CARED S IhER (AR MIse e, IR HR RS A KIR. FEARE: ‘WA &
BEn=54, FEn=101, #Mkn=10"; ‘BL) BFEkn=54, FEn=51, #hkn=101,
3, BCFRME. W5 2 RS SRR R 3 I H 2 PR AR KA — B RE, B HIIE 1R
REBR. FER. PABRM KK, B2 B AR, etk KaRbr . FEASGE: ‘WA Riskn=21,
TEn=41, #ERn=44; ‘BL HEkn=214, FERn=24, #skn=41, 3 %ilE, 7
BIE o MK MR ARSI 40 2 e Ko IR IR R R, 1 0 = T 438 e A I R B =5 i
KA EAR, EHEUE R BEEZE LT KT 5 cm T BEM AI3R .

13 HJARBTE
KGR T IR FEY R E A R S R4 (Production of effectiveness and PAR, TEP)
Jy RS o KA SRS — AR KB Be P 1 R AR AET (TEP) |z M BEA 1 H 5 #F SFH (DTEP)

PR 1S 21«

TEP = SDTEP (D

DTEP (i) =[SRTE (i, j) /24]x PAR()) (2)
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RTE (T) = 1 Top < T < Tou (3)
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0 T>T
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RMSE (root mean squared error, RMSE) HIFIHMIAHX] %% RSE (relative prediction error, RSE) X4
RURTHE AN S Bm W IAE 8] R A5 PEREAT S v 0 i (GREME 48, 2005) , [RIAfl v Ar#E R 22 RMSE
MM AN 522 RSE 28 M A2 (4) F (5) 15

RMSE = | ¥-(OBS, - SIM,)/ .

RSE (%) = [ FBRAER 2/ S REAFHE < 100 (5)
s, OBS ASFRUII, SIM W HUEUIE, n ko BEA R i

2 HiR50H

21 FRBEMSEREAFROXR

TR B RACE L MR S A, TEATRES GRS, B AR, JRMESE) fRhe it
FORGL, BT IO IL 5 5 A 10 56 R AT RS AT BT 211

RS 1 MEREEEAE LR A (DL (2) F (3 IHEARVEREAR, @ik, &
g 22 AR MU B SEE S AR PR TRl g e &/ (1, R 1~ R 3).
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B H Sunny Moon 4] Marie Laurencin
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Fig. 1 Relationship between the longest leaf-length, diameter of pseudobulb, unfolding leaf
number of two cultivars of Cymbidium hybridum and TEP
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F1 BKMHEK (L) 5EAR (TEP) BERERBEFERSH

Table1 Optimal fitting equations and parameters of the longest leaf-length and TEP

A EPEpRE 2

Cultivar Regression equation R SE

9 H Sunny Moon BBk Cueball L =19.976 + 3.029E - 8TEP - 9.668E - 18TEP? 0.989 0.981
“F ¥k Cormel L=21.211+3.866E - 8TEP - 1.105E - 17TEP? 0.988 1.413
F)Ek Sunball  L=18.957 + 5.949E - 8TEP - 1.124E - 17TEP> 0.986 2.520

#4%] Marie Laurencin BFBR Cue ball L =24.899 +4.978E - 8TEP - 1.654E - 17 TEP? 0.995 1.002
TER Cormel L =3.413+6.514E - 8TEP - 2.057E - 17 TEP? 0.986 2.341
F)Ek Sunball  L=20.855 + 7.744 E - 8TEP - 2.177E - 17 TEP? 0.986 2.845

%2 BHBEER (D) 5EAR (TEP) MERHKHEFERSH
Table 2 Optimal fitting equation and parameters of the diameter of pseudobulb and TEP

i Il 5 72 :

Cultivar Regression equation R SE

B H Sunny Moon REER Cue ball D =24.819 + 1.799E - 8TEP + 1.986E - 18TEP” - 2.680E - 27 TEP® 0.993 0.783
“FEK Cormel D =21.585 + 1.533E - 8TEP + 1.654E - 18TEP* - 2.075 E - 27 TEP® 0.989 0.859
FMEk Sunball D =20.789 + 1.801E - 8TEP + 2.859E - 18TEP’ 0.989 1.112

%%] Marie Laurencin 5k Cueball D =15.964 + 5.480E - 9TEP + 1.013E - 17TEP? - 4.304 E - 27 TEP® 0.989 0.756
Tk Cormel ~ D=11.461 + 1.302E - 8TEP + 5.917E - 18TEP’ - 3.671 E - 27 TEP’ 0.990 0.844
MK Sun ball D =20.943 + 1.579E - 8TEP + 5.792E - 18TEP> 0.986 1.337

*3 EHHE (N) SE#R (TEP) HERRBEARESH

Table 3 Optimal fitting equation and parameters of unfolding leaf number and TEP

il [EIZ Py R? SE

Cultivar Regression equation

# H Sunny Moon B}EK Cue ball N =8.922 + 1.233E - 8TEP - 4.306E - 18TEP? 0.989 0.357
Tk Cormel N =3.908 + 1.828E - 8TEP - 6.275E - 18TEP* 0.988 0.570
FMER Sun ball N =3.983 + 1.027E - 8TEP + 1.212E - 17TEP* - 9.619E - 27TEP®  0.985 0.667

44 Marie Laurencin B}k Cue ball N =5.826+ 1.145E - 8TEP - 4.032E - 18TEP? 0.986 0.379
Tk Cormel N =0.957 + 1.202E - 8TEP - 3.509E - 18TEP* 0.977 0.609
F#MER Sun ball N =1.466 + 1.652E - 8TEP + 1.258E - 18TEP? - 4.368E - 27TEP®  0.986 0.686

METFIER 1 ~ R 3FW, KEE= W

BL) BEERL TERL SMERAERR A R

B 25 AR R B B AR R A T B K. IS AR, FMRB TRAR AL bR 7
BRpR, 2PN RERRGR R 6 N H AR, Al TAKIEEIY, 101 AE WA K120 2 A

H AR TN ZE T O ARIE A A, bt LS, ARG, BREEMEHT I LK

22 BANWERS SN

S ERBARDS AL RS 2 I ie A (1D, (20 B (3) THAAT 2R 1 (8] 1) 4 2
FHZIRE 1R R e i K RS HAR . R R AR S L AU 5 D5 RE v A5 B AN [R] b ol
BEER. 7R, PRBRMEAR IO B MG, 2 EAR . OB (. AN 2 Pl AR Y, Bl
MBS ELAR I (SN, PRUED A Rl A (e 1 1 RPN, PN ACR B, J A
TG W T 101 28, IR RAE R AR S, R B A AR s 2 i KA, 5
BRAURE RN A 2257
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2 XEBZHKMHE, BHEEE. BHETUES W ERD LB
Fig. 2 Comparison between measured and simulated values of the longest leaf-length, pseudobulb diameter,
unfolding leaf number of Cymbidium hybridum

P RAEH Z AN AT BEER . ERFIONER (R e K G L =2 A R B DB R S 2
) (A5 45 BE AT SR 0T, AU S S 2 1o (ks B8 (RO IR 1 FRvfEi 2 (RMSED Al
TRAAG R % (RSE) W% 4.

T ORI (P40 BE RS S T LA, KA 3 2 A SRS ) P 8 (R B K (R =X EL AT
JE BB 5 S A I AF & BERLLF , 22N, B R B L) BEEk. 7R, kKK,
A 25 AR R T T L 5 S B WL EL P o R % (R 2050 T 0,984 0.98. 0.95; [l
PRUEIRZ (RMSE) 43 HME T 2.06 cm. 0.85 mm. 1.21 F; FUAHXHEZE (RSE) 435K T 4.8%.
2.8%- 8.8%, ARSI AL M 22 45 IUAE K S b (1) T RS 585 = o
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F4 RKMHK BHZEER. RHAEBESTMNERERY. BEAGTREREMRMEMNRE
Table4 R? RMSE and RSE between measured and simulated values of the longest leaf-length,
pseudobulb diameter and unfolding leaf number of Cymbidium hybridum

S 25 RN
A The longest leaf-length Pseudobulb diameter Unfolding leaf number
Cultivar
R? RMSE/cm  RSE/% R’ RMSE/mm  RSE/% R? RMSE  RSE/%
Ui BEER Cue ball  0.98 0.98 2.6 0.99 0.71 1.7 0.98 0.38 2.5
Sunny Moon FEK Cormel  0.99 0.80 1.8 0.99 0.65 1.8 0.98 0.73 52
FMEK Sunball  0.99 0.50 0.8 0.99 0.59 1.4 0.95 1.21 8.8
#4] REERK Cue ball  0.98 1.85 3.5 0.98 0.74 2.7 0.98 0.49 4.1
Marie Laurencin F#k Cormel 0.99 2.06 4.8 0.99 0.73 2.8 0.99 0.40 4.8
FMEK Sunball  0.99 1.28 1.9 0.99 0.85 2.1 0.99 0.48 4.0

TF: RPWYUERE, RMSE 2[R THFRAER %, RSE A& WA % o

Note: R? represents for decision coefficient, RMSE represents for root mean squared error, and RSE represents for relative prediction error.

FERIE T7 A AAE T, JEARR A KTE = E KRR B EE N 1, thiginsd
PR Sy AN AN T, DOX PSR 7 I 0 R OR A ROBERBEA T KA 2 A KA AUL B L S
B o AEH AT HDOR TG I BEHEAT A B A, BLA R RAEE A TR VR RRH
BATARAER, A RAC AR TR BAR P Fe 2 (K8 77, HETI KA e R 2 1 T AL I [ Al
TR A — 2 T

BRI, LR 0 A A RR S AR DGR AR CRRHBD RBP4 S S ai LUy
ROPRBEAT BHUAT b, A RO sy T RSIRE S (221 4%, 200900 AHFFT F RS KA 2 2 g A (ox)
U SEMIE R B (0 S 0, ST 1 AR VBN KA 3 2208 IR A K A KR P A o S 37 gAY
A DA R S RS S 6 A AR A PR AR S e G BB AR SRR R AR
St kg, ARG PIAS SRS [R] R I B G L IR AR R R I S S B I A R £
RS, WRERVN, BRI R, S8>SR, RAT GRS E, W DO s KA e
AR AP RN E A AL P P R AR A D SRS

2R o e - 5 PR FREIM K PS8 AN TP 6T A A R 9825 A R TN vt o %o R - ) Tl % 228
R S DR IR DA KA e 2 AN T b ol 0 Pt AR [ AN [ e ARl s 2B Ry e R/ AN,
{EAREAME IS A A A B, b B, R RO AN TR, O AR BUi a] A B
P AR BN ORFFANAZ - R AR 7R Jr v S50 ST TN AN AT, 002 AR 3 22 Bl S R AR AR AR

AHFFEH R B2 AL X 37 B3GR K RAE R 2 b, B Tie 4 Eoh, B KA
AR R B 2R )5 sUAF R M KA A AR I BN 38 O I, 1994) . AHIFST HH B S AR Y
SEAENEK FEAL R R0 R A8 1 2™ A P S AR P S, P R R B B R = S
7 HASE.
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