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Abstract: Based on the effects of temperature and radiation on chrysanthemum growth, experiments with different cultivars,
different stem number per plant, different planting density and different planting dates were carried out under greenhouse
conditions in Shanghai from 2005 to 2006. A concept of physiological product of thermal effectiveness and photosynthetically
active radiation (PTEP, MJ m>) was proposed to develop a model with the PTEP as measurement scale for predicting the
effect of stem number per area on dry matter production and partitioning of cut chrysanthemum. Independent experimental
data were used to validate the model. The results showed that with increase of stem number per area, dry matter production
increased but shoot fresh matter production per plant decreased. The model successfully predicted the dry matters of leaf,
stem and flower as well as the fresh matter of shoot per plant in cut Chrysanthemum with different stem number and planting
density. The coefficient of determination ( R*) and root mean squared error (RMSE) based on the 1:1 line for the dry
matters of leaf, stem and flower as well as the fresh matter of shoot per plant were 0.96, 0.95, 0. 82 and 0. 97, and
0.863, 1.005, 0.201, 10. 190 g-plant ™", respectively. The model can be used for optimizing light and temperature
management for multi stem cut Chrysanthemum with different stem number and planting density under greenhouses

conditions.
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3515 ( Chrysanthemum morifolium Ramat. ) BRER ETEWH O —" . FER, FE2E=0 W R
ZFFARIE A s AR BEORIR R IR E VIS = & o (H RS AT R 3 I, 0463 i SR AT I T AR R 3
EES TR T BT S BOIAES & T o Rt , ey 73 fin A A7 TR ARAF R [R] g, CRAE VDA i i, SE B 5%
Bt AR, A PR Al S T AR BRI R, T VERA TN 2 VI E 56 ) T B A 7= 5 40 e, = V116 %6
AR E PR R AL R R o

ESNETFEY TR A S A ISP SRS %) ik F 4518 T4 B A4 F= SR R gy i ot , 3282
TR AATARIB R LR/ BSE T 23/ N T B A PR R ZEE P A R
HT IR AR ORI IE A A K R T R AL R, 2 [ P P BR ST T R A 2 B RS A 2
PRI i SRR TR T AT VIR T Y B A 50 AR IBESE , MR WHGE . APFRIEC A BTG
HIFMEYITESE A KK B 5 i B O RS 1 2t b, & BER T BALTEARA FFF o ZAF U T R A= 5
SYBCHISENE , BN T AT RIS IR E DM TE ETE B TEM P YIE5 8 = TR, 57 8’
EUIAE 38 I AR 7 DR SR i B R 2 SR AR 2 R
1 #RITTE
1.1 fhfHEy

BT 2005 454 A ~2006 4= 8 H7E L IEus Al & AR BRA R B GLP(622) ARIRAIUZ EHRK
W4T o IRIGF Y 6 em,6 FEM RFK 2 em, EHIGHRBE (20:00 ~1:00) FH200 J-s ' FHARLTH#ME S
h, #REIL 60 em J5—E 174 H A, R M 17:00 255 2 X 7:00 B EEREGEG, SC5R A 135 Fid
W YEFERIEX2 om FRIEWK 1.5 em BEE,

1.2 At

R 1 F 2005 4 4 ~8 A AT, iRt Al Xt B R 35 @ R (Yuuka) 4 22 H @M, FiiE
W A2 R TK, 4 A 28 HEL, BT 4 em S ARG KT, 73 510/ B 1.2 A3 AMUZERE & BAT U
= AL AR BT ) Ry 42 84 1126 HFEF K. 6 A 16 HIFMRME HALRE,8 A 5 HIK.

R 2 F 2005 4 4 ~7 A AT, AR A X B BLR 35 AP A = (Jingyun) * o 4 H 6 H @M, FiiE
W 64 BRET K, RS ARSE . 6 A 20 HIFGRM HALRE,7 A 27 Bk,

B 3 T 2005 45 ~9 A ##AT, HfArE oy i (Yuuka) * o 5 A 20 HE#E,5 A 30 HH.0,7 H 12 H
FFEGR HALTE,9 A 4 HUYGK ., FhrE %5 B A0 5 i RS 1.

R4 T 2005 47 ~ 11 7 #1474l el h4exs 58 H BURKEE & M5 (Jingba) * . 8 H 22 H &M, FiiE
64 MREE K, BATAREE . 10 A 10 H R4 H AL, 11 A 14 Bk,

RIS F 2006 45 ~8 7, HEAA R & (Yuuka)” o 5 5 1 HEME,S A 4 H.0,6 A 24 HFF R
HAb3E,8 H 24 Bk, FiiE %5 B A0 7 kRS 1,

R A A B EAE 200 BRI E R 3 K. FIREE 1 AT 2 BiE Er AA, HAR I TR
R
1.3 JsEmH K5k
1.3.1 REFSEEER M E

I [E] B R 3516 R B ARGLHAT I, e R & AT BB BE M H . SRR B PR 550 Hh HdE R
4E %3 ( datalogger, Campbell Scientific CR10X) H 3R, RETH NEBZEN 1.5 m LS KBEMEIEEZ L
T5 BIK BRER ST REEAER N 10 s, 7744 30 min P I9{E,

1.3.2  AEMRT B T I 2
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RIGTE 85 CHTRER, AL TRE . F8rEUEY Y 3 REZ KKK FE.
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2.1 AEERASUTE

STER AR H Y, TR T — B AT, A e T Y B A ™ R R RIRE DG AR
SR E R 2 DRt A AR AV (PTEP) BE SO #E H IR K BE ObA A SR A1 23 S H IR N BoE
MIZAET o B 3L LR B B BUR T i BARABU T o 4 A BAR RGR (PTEP) 1Ry U 36 76 T 9 B &
PSR R TERR , £ BARRAR AT P A AKI R

DTEP(i) = (( Y RTE(i,j))/24) x PAR(i) (1)
TEP(i) = Y DTEP(i) (2)
TEP x BD, PTED < SD
PTEP ={ (3)
TEP x RPE x BD, PTEP=SD

K1, DTEP (i) K4 i REZWMUCH B BEHA(MI-m > d™ ") PAR (i) % i K ELA B RE S
(MJ-m~>d™") ;RPE Jg45 H G RRIR , b FAS IR0 R FEOEAL 3], 7648 H ALBE B BOG IR EE 10 h, IR T35
TERGE A K 12.5 b ) [/t RPE = 1; TEP (i) NEME MBS | R RBURHAB(MI-m*) ; PTEP 9%
TEFEARE B A BEAR BB (M - m ) 5 BD, S48 F AL BERT 5 A 1034 % B B 75 BD, /8 H b BIS A R & H
F,SD NTERE TS50, BD, BD, 1 SD £:% 3CHk ™ WYBUE ; RTE (i,j) Jo i RIS j(j =1 ~24) /it B AR A
PN , AR 35 78 % B T 7 10 = 5 A UL A SE BRI 28 SRR it , &% Sk B F

0 (T <Tb)
(T-Tb)/(Tob-Tb)  (Th<T < Tob)
RTE(T) =11 (Tob<T<Tou) (4)
(Tm-T)/(Tm -Tou) (Tou<T<Tm)
0 (T>Tm)

XA RTE(T) DR T RIAHXTRGENE , T D4/t 3R B, Tb A3 R T FRIBEE , Tob 2464
KiRidE FRRIEE , Tou A K EoE ERIBEE, Tm J9AERK ERIBEE . S AT =2 EELE 1,

£ UEHEEHHENSEARE )

Table 1 Minimum, optimum and maximum temperature of different development stages of cut chrysanthemum

1 298] Development stages AR B & T HRIR B B bR R EE
Th(C) Tob(°C) Tou(C) Tm(C)
AEAEF H Ab B 10 20 25 35
JE H AR B F1K Day 10 16 20 28
/] Night 10 18 23 32
ke 10 18 25 35

SEFE P4 H 4L P Planting to the beginning of short day length treatment ; % H 4b ¥ 8| 17 Beginning of Short day length treatment to bud break ; Bl

FWrFk Bud break to harvesting date; F{KIRE The minimum temperature ; & FFRIEE The lower optimum temperature; #ixi& I FRIEJE The upper
optimum temperature ; #% = iiiJ¥ The maximum temperature

2.2 THRA IR

AR 1.2 %R, %A (1) ~ (4)HHRB R E 5 2 15 A BAR PRI S Bl 45 B 55057 T AR b
WaTYRER(E L) . B 1 B, M AT E00 i, 5578 507 AR b b 90 5= B3 . SArm
BRI B3 18 1 3 b 380 T2 (DWS) 5 MG /= L 77 iR B (PTEP) B R R IR A8 B—Z bk i
B, BNAGIE T SRR B AT 4 AN B A AR B2 BT HT , B A MOL IR RSy AR B TR 2
PSBON K 1R R BT 5 ZWRAET, B R BSOL G A BRI n, Hbk b L3 T YRR R 5 )G 4
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HARARE R LML RK . L, 75— R MR 6 A TR B4t i

DWS =(C,/R,) xIn(1+Exp(R, x (PTEP - PTEP,))) (5)

R, DWS Fm A AU 3 TE (g-m™?) , PTEP F7R MG A BB A (M -m ™), C, W&

B EHATERKEKER(g- M), R, NIEHRH B LB TEHMHEKERKRER (587"
(MJ-m™?) ~') | PTEP, W35 EM R BT I 48 51 S5 240 2 AR A AR B B (MT m %)

FFEIALS 1,2 A9%HE A Spssl1. 0 Geit- Mk i3t

& 1600
HIRHE AR SH C, R, PTEP, (1, 258 % 5
WA S48 C,, R, \PTEP, 5 341 HARFF (V) 8B 4 3 fﬂé 1200 |-
RERMERR, TARETBRUE (F2), A5 52 w00
=34, g2 [
2.3 TR ML 2wl
ETY RS AR S R TV R E SefeH B E P
ST Z TR, A E R A TRAR 0 o
% BT, A B TS R RO I A7 .
_H_%:[B,ﬂ] .
PIL, = DWL,/DWS, (6) 1 KLU 1T 5 R A S T 5 R
PST. = DWST./DWS. (7 ) Fig.1 Relationship of the shoot dry mass per ground to the PTEP after

planting

PIF, =1 - (PIL, + PIST,) (8)
@42 Fm™2 42 Stems per ground area; W64 F-m~2 64 Stems

. . . 1| R L R X 3
:_DQEP ’PILl ‘PISTl \PIFlﬁ:}.EJ%%m% ix i‘l\ﬂam per ground area; A84 Ff-m 2 84 Stems per ground area; x 126 Ff-
ﬂ:%}ﬁﬁﬁﬂ?ﬁﬁ ’DWSi \DWLi \DWST,ﬁ}%U%/j\‘% i Kb m~2 126 Stems per ground area; —#I4 i£% Fitted curve
EES T RIZER T E (g )

®2 BESH(C,.R, M PTEP,) 5 R ERFHHXR
Table 2 The relationship between the model parameter (C,,, R,,, PTEP,) and the stem numbers per ground area

HAIZEL Model parameter #)E 2 Fitted equation R? se

C,(gM™) C, =4.470 +0.018N 0.914* 0.310 g-MJ !
R,(gg” ' (MJom~2) 1) R,, =0.0203 +0.00045N 0.976 ** 0.003g-g~1 (MJ-m~2) -1
PTEP,(MJ+-m~%) PTEP, =59. 54 —0.23N 0.912* 3.460 MJ+m 2

N 37 T AT S N was the number of stems per ground area; C,, 4 2kt B Beth BB T HEg KA K#Z C, was the maximum growth rate of
shoot dry matter in linear phase; R, +5%5 [ Beth b3 20 T HEAH N ik KA K 3 # R, was the maximum relative growth rate of shoot dry matter in
exponential phase; PTEP, 454548 Bk 5t 47 i 48 5t 58 4 9k 7 JZ R 3K (%) 4= B 48 #4F PTEP, was the PTEP absorbed by the canopy during canopy

development before all radiation is intercepted; # P <0.05; * * P <0.01

AR 1 Ak 2 %, %A (1) ~ (8) 1S 2 VIR 45 R A8 5 1 A BAR VBRI SE PRl 45 19 A [7]
wERTYRSEHER (B 2) . mERH, S ZIE AT, H 3 T 520 B 46 Bob e 1 e A 2 58 PR in
FEAR, ZER IS BB . G , TH B PO 2 [ FEHE B , i 25 A0 M ) 23 B 48 B0Z Wi e 11K
FIF F AR5, B w0 AUR [RIAT SO 21 6 B R — 20 B T R BC48 e 0 =0. 05 K F PR REZER, HILA A

THARIE
PIL =0.437 +0.150/(1 + ( (PTEP +26.67)/98.52)*) n=58,R>=0.93,se =0.012 (9)
0 PTEP <180M]J+m
pIF = {0. 1322 - 0. 4746 x Exp( — (PTEP/145.52)) PTEP=180MJ-m >
n=16,R> =0.93,se =0. 012 (10)
PIST =1 - PIL - PIF (11)
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K, PIL PIF \PIST R FEM EFIZE T YR B8 8, PTEP JysE e tE BAR S (M *m %)
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The PTEP after planting (MJ-m™2)

B2 ZEAER 2K B ECHE B S AR AR BRI R R
Fig.2 Relationship of the dry mass partitioning index of leaf, stem, flower to the PTEP after planting

€42 Ff-m 2 42 Stems per ground area; W64 #-m~2 64 Stems per ground area; A84 Ff-m~2 84 Stems per ground area; x 126 ff-m~2 126
Stems per ground area; —il-& £ Fitted curve

2.4 MR EESEESTEXRR
RS 1G58 2 MBEE, i B30 T8 58 E O CEFTRER T, AR MKEE S TEXEIA
R
FWS =6.884 x DMS/N n=32,R*=0.98,SE =4.36 g/¥k (12)
A, FWS R ikt R EEE (g/ k) ,DMS Fomith EIATE(g-m ™) ,N FREHMEE (Fk/m’) .
2.5 HEARIEIE
JF ] A 345 R (root mean squared error, RMSE) '™ S AR I FIWLIME =2 6] A4 BE BEAT 43404 -

i (OBSi - SIM;)*?
RMSE = | - (13)
o, OBS, Hy SEBR WLIME, SIM, BRI EHME , n AR &

3 BRESH
3.1 M ZE ETEMHMER

A SRR S 53K 3.4.5 BB, A (1) ~ (11) #3207 i AUR AT B pk i 22 78T
EWTIECE 3) , BOE S LUERET 111 REPE RE(R) 433125:0.96,0.95.0. 82, MG ARk
(RMSE) 43317 :0. 863 1. 005 0. 201g- # ~' o FHFIZEMIFEA R (n) g 48, TEMIFEARCH 16, BRIXT BARAET
IS EA I TEMETER, ZE A EIEY, B0 TEER/D, N T RESEB B, 455 b
AR e R A SR
3.2 b ETYRS EEE BN R

FIFIAK 3.4.5 BB, & AK(1) ~ (12) M RRRIUIESS B AL AR B3 (& 4A) FE bR b &#FE
(& 4B) BRI TN (L , 25 SR 352 I il o7 TG ARV O A, Ak b b 350 B (7 TG AR T EE 09, T B bk T ER AN fep 2
YD AT E S SEER VAR T 101 LR H g RE(R) 4351 0. 95 F1 0. 92, [ 5 R (RMSE )
G351 94.850g-m 2 HI 10. 190g- ¥k~ o ARAURS st b FREE T A HOUDRS BEAR T4 T H M B0, 32 iy TR 7E
THR AR B BEE A R AR E S TR A EI N H R (A 12) TR Bk &K REEF T L. T
— B AR K R G E A TR H R R AR B TALE
4 it545iE

B H P A ROBURIE ™ FIE A 1R PSR MOV A R B E M ) T R A 7= A AR R 2
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MR T W R AR R &5 A AR A9 K R R AT

= 20 -
BT AR T RS E R RS g2
BN, E S TRAERSAETRRBAEDERT  E5Z °
W, WAERASE F Y R ER R EET
B JEHAF R B ZER SR T FAT 2
IR R PR R RIS SR AR BN T 35
VRS R BARE DT AR R A TFE T F
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My 25 ETELIIE

BEABIS R SR 6 TR JC A H R KER, 2

I%Tﬁiiﬂﬁmfﬁﬂﬂﬁ'ﬁi E‘J:F%EEEFEE@ ) ﬁH&Tﬁ Measured dry mass of leaf, i
ﬁfﬁiﬂ?ﬂ%ﬁ?iﬂ%ﬁj}ﬂ ':Pﬁﬁ:‘ E/‘J‘{ﬁkﬁﬁ . j"ﬁ’%’f/ﬁﬁﬁgﬁﬁj B(J stem and flower per plant (g.plant™)

{EAE AR R B ML ™ EAE s e 2 e Bt s b oy e

FHEBR Zh A A R AT AR B T 75 ZEHE B I B VEY) R ] Fig.3  Comparison between the predicted and measured the dry mass
KB BRI R RIE A B (P, ) FIOLREWIARFIFH  of leaf, stem and flower per plant
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Fig.4 Comparison between the simulated and measured the shoot dry mass per ground area and the fresh weight per plant
@42 FF -m~% 42 Stems per ground area; 64 #F -m =2 64 Stems per ground area; A84 #F -m 2 84 Stems per ground area; x 126 ff -m 2
126 Stems per ground area; —1:1 Line

T IRAAEAEK ST SRS M8 , AT T4 R A 7= O B 75 T S5 B R . AR @ r 3 E TR
A PR, M SR B —— SR MR R AR T A 7 i AR R BN RO D 2 5 AR BT R DT IR R, i
FREA= PR

Carvalho SMP 7l Schouten RE %5y K eI R — &MU T, 25/ TUREBERT %
RS A RERG SN, B BRRZE RN o i T IR SCRR WL AR 22Xt 83k AT UI7E %
THRREM BRI, O T BRI SE, FE AT IS R F R 2% R RO 22 A R 35 TR AE KRN o

ABFIAE O BATAREIE S A K R BRI 0 JRl b, 38 53 AR R 5 b B RO s A A 3
%, ESL T AR BAR AR ROBE MR HE I 1828 T Y B A 7= A BC TR B . A ALE S AR E R AT E R
PR E , AT HERS TR = 1AL 48 AT RIE ST R IR R T, R EE— R e 2 EESE TYR™
BRI AR, ARSI KT R AE T VLA R it DX % Bk DR A B AT R 2 AP
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