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FEE 7 HOGIRL S UIAEAT 4 5 A6 01 5 00 S S0 Y | L) 003 s 04 b 300 R R 4, S0 H O TR WIAEAR 4 5 A 7= 11
e ALY, LIRS R i 32 2 (Tulip gesneriana ev  World Favorite” ) F14: ¥ % ( Tulip gesneriana cv ‘ Golden Parade’ ) 24
OB, A AN R SR AS ) 86 32 (AR BT 0 R o AT 1 PR B0 2 e 1 4 2 8 AR SO O SR Bh S A S, 7 st S A
b, PAAARRIR S AR FAR ( Photo-thermal Index , PTT) S RUEE #5777 H il & VI AEAR 4 B AL 115 0L it I3 OISR | - FH 57 )38
ORI BRI AT T AG S S5 SR W BRI 4 7 A6 VR S0 0 4 b ) TN R A e SR 5 B U 4 T A 5
SME 2 ] R 2R RS 0,95 4T 28 H0] e 51 30075 S0 0 RSO 19 T 55 55 0 4L 7 [mD U A AR RMSE 433120 0.7
1.3.2.9 1d, SRR SR 2R3 ZER0M B B0 BT KRBT BRI TUIE 5 S A 2Z 8] R 4353118 0.97
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A model for predicting flowering date and external quality of cut tulip in

solar greenhouse
LI Gang' ,CHEN Yaru',DAI Jianfeng' ,LUO Weihong' " ,ZHAO Tongli’ ,ZHU Pengho’
1 College of Agriculture, Nanjing Agricultural University, Nanjing 210095, China

2 Agricultural Scientific Research Institute of Lianyungang, Lianyungang 222006, China

Abstract: Radiation and temperature are the major environmental factors affecting flowering date and external quality traits
of flower crops. The aim of this study is to develop a model for predicting the flowering date and external quality traits of cut
tulip grown in solar greenhouses for the purpose of optimizing radiation and temperature conditions inside solar greenhouses
through adjusting planting date and planting density. Three experiments with different planting dates and densities were
conducted in a solar greenhouse located at Lianyungang, Jiangsu (34°42’ N, 119°30’" E) during 2007 and 2008. Two tulip
cultivars ( Tulip gesneriana cvs ‘ World Favorite’ and ‘ Golden Parade’) were used in the experiments. During each
experiment, photosynthetically active radiation ( PAR) and air temperature above the canopy inside the solar greenhouse
were automatically monitored, and crop data of development and external quality traits were collected for model development
and validation. After planting, 4 development stages ( sprouting, leaf unfolding, flower bud visible and harvesting) were
observed. After sprouting stage, 5 plants of each plot (15 plants per density treatment) were randomly selected for non-
destructive measurements once every 3 days. The non-destructive measurements include plant height, number of unfolding

leaf per plant, length of basilar stem, diameter of basilar stem, length of flower neck, diameter of flower neck, length of
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flower bud, diameter of flower bud, length and width of individual leaf. Statistical information on the relative yield of
different rank was also collected at harvest. The integrated effects of PAR and temperature ( depending on planting date and
density ) on the development and external quality traits of cut tulip crops were quantified according to the experimental data.
Based on these quantitative relationships, a photo-thermal model was developed to predict the flowering date and external
quality traits of cut tulip grown in the solar greenhouse. Independent experimental data were used to validate the model. The
results showed that our model gave satisfactory predictions of flowering date and external quality traits of cut tulip crops. The
determination coefficient ( R*) between the predicted and observed development stages was 0. 95, and the root mean
squared error ( RMSE) between the predicted and observed days of sprouting, leaf unfolding, flower bud visible and
harvesting were 0. 7d, 1.3d, 2.9d and 1d, respectively. The R* and RMSE between the predicted and the measured values
of external quality traits were, respectively, 0.97 and 30. 8mm for plant height, 0.98 and 0.2 for number of unfolding leaf
per plant, 0.98 and 3. 5mm for basilar stem length, 0.98 and 0. Imm for diameter of basilar stem, 0.98 and 5. 5mm for
length of flower neck, 0.97 and 0. Imm for diameter of flower neck, 0.98 and 1. 2mm for bud length, 0.97 and 0. 4mm for
bud diameter, 0.95 and 0. 8% for relative yield of rank A, 0.97 and 0.3% for relative yield of rank B, and 0.96 and
0.9% for relative yield of rank C. The model developed in this study may be used for optimizing planting date and density

for cut tulip production in solar greenhouses.

Key Words: cut tulip; temperature; PAR; model; flowering date; external quality

18475 (Tulip gesneriana L. ) J& H A RHIB 4 B B EBRARAE T, A1 R L 6L —1 6 FR k] I 450
FICDIACHBIX , 2R A IR A HOGIER 2 A = VIR 4 7, L0 AR P SEUIAE T 35, ARSI AN L i Bk g 1
HYGIR Z AL ST A 7= G G088, TG IR S AL AR P AR SR S 00 i S 1 o 22 PR 58 R 2 el 7 VA
R FIANGBE R Y H Gl 3 i A= = S A RO UIAE ™ i, 23R ) HOGH % 460 A ™ Th I A4 7 24 R0, H AT H
Dl A AE ST A FREE S 9 R 0 AR 2 R R VR B 4 5 St B {EL R S0 AR A 2 R ) A L
LRI W TSR X PR ] — 3 XA W) 2= OGRS AR 22 5, P B X AR A 1 A 7 2 30 A
HoE L DR R HRCREE 52 m 1 3 B HOGIR 3 4B AR 77 A6 5 AL B 4 BOR BB AL e AR . AEI S
GOt R PTINASRY , RT AT A [R]G l ARI R 2 BE 2 AF T AE VR B AE 39T 5 S WL o, =4k F Ol 22 4B D
VEYP GBI D TR S FAESTEYAE I 55 S ULt S50 A5 2 (i F 52, N AR A DE T 4G 48—
gLV RH Z Y AR DRI TR SRS O A ST e AR ST AR AL I 5 AL TR O AR AR A T 5
ST 2 BE L FREEIR] RO RS A A A A ML T S 9 A LR R SR E . HX
SERIFGY 32 RO — S E MRS IR  MELL BT T H OGRS A0 A AR 2 B AR N ] A P Ak, TG T UDAE AR 4
FESAFNEIUL it 57 OISR O RIF 5, [l oA 9 i A 1

AT VIR 4 A & Fb tH AL 22 % (Tulip gesneriana v * World Favorite” ) Fl1 4 £ [#] ( Tulip gesneriana cv
“ Golden Parade’ ) Sy izCbA , 3 ieb A [ Ffv R S 00 R 285 B2 1 1oy, BH A ZE NS A R0 78 /2 2500, AN [) R ARLIH A
7 65 E XA 46 7 i 75 R AR I A ULt TR B A B S0, AR MR b, LA AR T2 W B A ( Photo-thermal Index,
PTL) S ROEE 7 HOGIR 2 U AEAR 4 7 AE 155 AUk B IS 8 | Sy 3l it A S0 A AR 285 P i AL, 51280 H DO
Uik 28 VA AR 4 7 AE I 55 ALt o A G Tt 1 42 48 BB R Al AP S8
1 #MEFT %

L1 it

T 2007 4F 11 H—2008 4F 2 A 7EVL 9548 PR UE H DX 3% 25 W 17 A Olh B 24 BF 58 ik 4 3t (340427 N,
119°30" E) HOGIRE NIEAT . FOGIREAR PR 96m B Tm 5 3. S, JUIRRE 2. 6m, 110w I 75 5, il
JR ARSI 0. 1x 107 m JRHR A LIBHUE LTI, HK 16:00 EHH 8:00 KK 9m 52
1.2m J5 0.03m HYFAF R . AT SR T b B R sh 3T 4 4 5 AL F shsos
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PR PITE AR 4 A & A b T BL 2 & (Tulip gesneriana cv “ World Favorite ) Fl1 4 K [ ( Tulip gesneriana cv
“ Golden Parade’ ) , 3 i 22 2 [T A AR ER (ARAEFPER DI 5, Pk 2 7= B th & R ER O 4R H SCARIR S I T
BACAL ) FPERE AR (0. 120, 12) m R A £ =UME, HOBIREN LIEAEFE N 1.26x10°kg/m’ , pH {HH
7.11,EC ] 1. 24mS/cm,, iR 3 % AL HE . 80 #k/m” 100 Fk/m* 120 #k/m* , /NX 1AL 6m* | BEALFHE 3
IS L9 AKX FEHLICHES bRy % w AT

Y —T 2007 4F 11 7 23 HFME, RIOH . 5228 2008 4F 1 H 13 H, &k 5 2 2008 4: 1 H 22 H,

I T 2007 4 12 H 10 H AW, RISOH . 52 %8 2008 4E 1 H 26 H &K 2008 422 1 H,

RIS =T 2007 4F 12 7 27 HFME, RIOH . 5228 2008 42 H 13 H, &k 5 2 2008 4E2 H 16 H,
1.2 WEmH 577k
1.2.1  HOGREAREEHEE AR

I 36 % 56 B3 500 S0 R 5 Datalogger ¥
( CR1000 , Campbell Scientific Inc. , USA) H &R 4E, i l:)
S BAE FOGIRS 0 R A 1B 250 B O Wi | | s
P LA S AN BB R A B LD EYE [T A A AT x
L7 A R 1 AN A (PR R ) | R !
B AT 1. Sm AL 2 R R B P 0 B B A ;

(EAb), R& BOGH % W 2 L7 1 O6& A 20 Gt
(PAR) . I A5 B3R % 45 W51 % g 45 60s — W, 77 1% 4 E1 kBASENRSEARBEANNTH
30min E/‘J _;lzﬁj ﬁo 2% /_:\‘ {J%,I E ’ﬁ% J?}? %% ﬂﬂ,ﬂ@ H {% , )\lﬂ %ﬁ%{ Fig.1 Sensor distribution for PAR and air temperature
iﬁ%ﬂ’%@?%&ﬂy 1I- 19OSL( LI-COR Inc, USA) ) Zlgjc ':F‘F)T measurements in the solar greenhouse
PR LR 1 A B C.DES IR P- (.

BRI E] H OGP IR BE RO IR E R 2 BRI 2 AT LU AR RS VIAEAR 4 7 il 2 i H D't
3 N B AR 3 AR R A B R 25 5

H 5 i

Daily maximum temperature/°C
H AR B

Daily minimum temperature/°C

0 1 ! 1 1
0 10 20 30 40 0 10 20 30 40

H: R JE R ¥ Days since rooting/d A MR G R ¥L Days since rooting/d

—_— R
——— RE2
— RH3

SRR H AR
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|38
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B2 £REAXBENERSEE . ARMEENLEHENEHELE

Fig. 2 Daily maximum temperature, minimum temperature, and daily total PAR since rooting
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1.2.2 AFBU

TR0 ) A OULIAR 4 A2 K R B RO, IFIE SR B W Bty H I AR IBURE O AR AR IS
AR ZE A E] 10mm B FPERE 2 A, PR, AR 258 383 10mm FVEAEAR A bRIE, A4 Y
BB R BT 7 AR ONFIE R 80% FE kR 2EHH 1 10mm) 85 2 (A 2E ) £ 10mm 3] 80% A IE 5
— Fr G R TE (B K BE IR 80mm B ) ) I (NS — i R I 3] 80% HE K i J5 — F i eI ) (RS U
(NI R T3 80% HEARAEES 58 258 1) SRS ( AAETE 2% 1 2] 80% AR ALTE T i 5 (A [HIA R R IT) .

1.2.3  AMULE BN 2 B B A R AR R I Ge T

N ZF 5 T 0G| A b A% T 55 43 IR I 5 Bk (&AL TR 15 bk ) HERUEEAT R ML | 4555 3d I 1 Yk, 391 H A,
Fodk R R K EE TS 80mm IR AR JRIT ) (ZEILK B (A T 255 — I B 9 BE ) ZESLHLRE (b i A
- 30mm AAHILEE ) (MR EE TR ISR R AA R R R A H I MK H K RN T Tmm AR
Sz R BRI IR S5 I AR SR B (AR DU i AT SR A BE B ) FE SR (BRI
S0mm AL AL ) AEFE K M B (AP RRER) .

R AR SRR SRS, 0L 0T 53 305K BIAB 4 Fr VDAL A PO bR i (3R 1) ORI RRER & G i SRR RO 43 L
BARTHR T 2 SR (675 T IR 88 IR R I ) A5 Ab R P BE AL R 100 Bk, 275 ( H AR MK =4 AB
SAREEYIAEAREY D (R 1), BT A IA R A B C B bR FAEARE, T EASE] A B .C 5125
PRERHHAER (% ) .

F1 BRRMAFEBE B ILARAED]
Table 1 Ranking standard for cut tulip ( Tulipa gesneriana L. ) set by Japanese Ministry of Agriculture, Forestry and Fishery

TR FI00 Assessment items A 2% Rank A B %% Rank B C %% Rank C

AL 2L P47 Balance degree among flower, stem and leaf Wb R4 — i

A 51645 Type and color of flower A SRR e IR A s AP AR R I R4 an AP AR R I i
J75 HUE Pest damage A JLFk WE
55 Injury wE LRk e A7

B YIS E] Cutting time 3T At iE A I i

S Length of cut plant >40cm 40—35cm 34—30cm

2 BEEpHE
2.1 BRI AR AR T

Tk FBE R S R AR ) A K e T R S G T A BRI DR U1 Rl R R R TS 4 A A A R AL S Y
HEOR IS AR — . AR H] R SR AR ( Photo-thermal Index , PTT) S & A T B2 | 5 #8125 B Xof
HGIR = UIEAR 4 B KA LR A, BRI ABUE SO BRI I e & A SR S B B 5 B F
PPHIXS PR (RTE ) TR, H XA SN Ry — K P 45 /N AR 4R S 31, nT AR A 38 (1) 7 A
H G 2 2 SR (B 1T S AN A B L.C.DE 93418 FAR4:Fr 3 ks il R

RTE(i) = (1/24) iRTE(TJ.) (1)

A RTE (i) W5 § KA HFMIR LR, RTE (T,) H— RS j /NS , T o — K Hh
55 /NI H YGRS NS SR (°C) o ARTESCER? BB F ST R 3 AR 2,
H 582 M 6 B RO S, AT ARG SR R T
PAR(i)= PARx(1-exp( —kxLAI(i-1))) (2)
IR(2) |, PAR (i) S @ R JZMI G A A 2GRS H S (M) m™d™") ,PAR A5 § K HIGIR = N
B LA A RS H R (M -m™d ™)k NABEF e 2 TG R 8 ARSI Ok 2 0. 74 LAT(i-1)
KA -1 KA AR B, A H RS B0 T A 2 UL SR A2 S LAT(0) S SRR AR 4 A A T AR 4L
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TR A SR, AR — UL B |80 #k/m? 100 #k/m? 120 &/ m*A~45 AL FR ) LAT(0) 43 ) HU(H
40.10,0.12,0. 14,

R2 YAMEESLEETHIEREE?

Table 2 Minimum, optimum and maximum temperature for cut tulip growth and development at different development stage

- 298] Development stage _ %1&&%@2/(’0 _ﬁ%iﬁﬂfi/(’c ﬁ's% R/ C
Minimum temperature Optimum temperature Maximum temperature
H AR Rooting stage 4 8—11 25
Wi 23 Sprouting stage H K day 4 9—13 25
P [A] night 4 6—10 25
JEMHA Leaf unfolding stage EPN 4 15—18 25
K IH] 4 12—15 25
BHE W] Bud visible stage EPN 4 17—20 25
7% 1] 4 14—17 25
KW Harvesting stage EPN 4 17—20 25
il 4 14—17 25
H 7 )22 W S A AR
DPTI(i)=RTE (i) xPAR(1) (3)

AR, DPTIC)) 5§ K2 WU AR P (MI/m?)  RTE (i) 55 i KA H Xk X508, PAR
(i) N5 KRR G A RGR S H B (M) m™>d ™)

TE—E A KB BN, IAEAR 4 7 ik SRR ) SR FARL

PTI = ( Y, DPTI(i))/p (4)

AN (4) T, PTI D — 7 A B BN Sk BRI R AR (MI/BR) Lp A FIE S BE (FR/m?) .
2.2 AT U BRI A

FFHR IS — B AR A2 (1) —(4) TR 4 75 AN 5] 5 b 58 LA A 1 B B3 T 75 1) B AR IR AUt A B
FRAIE H TS P RS RSG5 S50 S B8 | DA AR 4 7 52 A5 26 5 B BE T 75 1 LR WS04 SRR, T LA
S AN S B A F IR H T (R 3)

®3 WEEAERMTHEEFHAE N ARRBEERR
Table 3 Photo-thermal index ( P7/) required by different development stages of cut tulip
= Development stage -2 World Favorite's PTIL/ ( MJ/ ¥k ) 4 K517 Golden Parade’s PTI/ (MJ/#k)
B4 2] Sprouting stage 0.00 0.00
J&HT Y] Leaf unfolding stage 0.54 0.84
BEFH Bud visible stage 1.64 2.91
SR Harvesting stage 1.20 1.66

2.3 AN TR
154 75 A AINUL AT 5 22 R 8 R A RS BE FORLEE B30 B AR 675 K R B AR I, AR
RIS — B , bR 5 -5 SR WSO AR ) 56 3R T AR SRk e A KO R (5) Y A TR (RT3
H=(c,/r,)In[ 1+exp(r, (PTI-PTI,) ) ] (5)
AK(S) T, H k& (mm) | e, 0Bk 3G (mm - (MIZ8R) ™), v, S A 394K 305 (mm - mm ™'«
(MJ-BE™) ™) PTI Rl 28 J5 SRR SRR AR (M - BRT1) |, PTI, JRg DAHE 2 S8 ok e J22 8 47 19 P A R s e A R
(MJ-BE") o ARHERIE— BB 6 S8 ¢, o1, PTILRYAE, S A 522 2 4351 4 3388, 6mm - (MJ - FE™') ™",
111 7mmemm™s (MJ - B ) ™0, 01 MJ - &, diy Bl 4 K6 15 4351 o4 2748, 4mm - (MJ - £ ) ™" .90. 04mm + mm™'-
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(MJ-#&") ™" .0.03MJ- Bk,
HAbFE RS BRI SR IR G R T AR B0 R (6) VR (&1 3)
600 4 120 -
500 3 :
g 3 E
g 400 éﬂ &m) 80 -
IE B ®e K5
5 300 £ 52 w7z
= B3 o
S 200 5 S 40
~ S S
100 g 2
z 3
0 L ] 0' 1 1 | 0 1 ]
0 0.1 0.2 0 0.03 0.06 0.09 0 0.1 0.2

A 4 5 BBk R B R EBY (MI78%)

The photo-thermal indexsince sprouting

B BRI R BB (MU /R

The photo-thermal index since sprouting

PN I BAR BRI (MI/R%)

The photo-thermal index since jointing

12 210 . 6.5 L
£
£ £ :
£ = 2
2 3 o
@ 2 150 |- £ 6.0
g ol He
w8 M o 5 é;
g RE Rg
° S 90 | ° 55
3 k=] 2
B o g
A 7 I ) 30 1 1 ] A 5.0 1 1 |
0 0.1 0.2 0 0.05 0.10 0.15 0 0.05 0.10 0.15
P 5 BBk A PR (MI/R) A5 I EBR R R BBV (MU /) PeA5 5 AR I 8 BRR /(MU )
The photo-thermal index since jointing The photo-thermal index since jointing The photo-thermal index since jointing
60 - 20 - Lo
-
c EI8 R %
£ - €380 pl/m> M100 pl/m> A 120 pl/m?
43 gz 101 SR
ﬁgg g 54l / 80 pl/m? 1100 pl/m? A 120 pl/m?
on L
g E |/ — WA
= 12 g
20 1 1 | 10 1 1 |
0 0.05 0.10 0.15 0 0.05 0.10 0.15

LR ) R MR A B (MU )

The photo-thermal index since bud appearing

B 5 BRI R AR (MU /)

The photo-thermal index since bud appearing

B3 e RMEEER ZER EHK ZHH 28K TEER5EHRREERRNXE
Fig. 3 Relationship between plant height, number of unfolding leaf, length of basilar stem, diameter of basilar stem, length of flower

neck, diameter of flower neck, length of bud, diameter of bud and the photo-thermal index ( PT7) since cut tulip organs measurable

Y=Y

max

x(1-exp(-rxPTI/Y ) ) +Y, (6)
AF(6) H, Y SN FRIK R, B, B MR SRR A (mm) AESU AL (mm) BT
FIEAR (mm) 5 Y, RSN B AR 1 55 R K 5 r D SN bR A R (mmy/ (MY -8R 71) ) s PTT 848
B M TT AT 2 2 SR SO [ B AR SRR FABL ( MO/ R ) 5 Y, R 45 AR FE A T B 0 o B P00 BR L (mm ) o ARG
— R E RN A B S Ry, LY, ) (5B 4) .
2.4 HAERMA
MG F (1) —(4) THE AR AN [ ol 85 2 R A P ] P8 46 7 1> A 75 300 R AR ) Bk i A AR
A A R RS AAS [ B AR 5 BE SRS Gt 88 B3 el e P BECR R Y A B C ARG A O T FE R 5 1R
PRI BLZ B SC R (1 4) .
R, =R,+axPTI
Ry =R, +bxPTI

(7)
(8)
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R.=R,-R,-R, (9)

AR(T)—(9) R, A RS TR (%) ;R NS T IR IE AL 16. 7% (B —F w1 h
TER (% )= VIR AL (% ) x1/3 , AR 4 B ERFIAE T C 58 BUAE 25501k, MR AR R 50% ) sa N5 R A
KA ZEL ARSI TR}, SR RS = A B 19 a {55399 8 254. 3 1199. 65 PTI A 25 5 £ R I B
PR BRI AR A (MI/pl) o RyA B GBS F R HAER (% ) 50 R F A OG0 G R AR P58 HORE, b
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Table 4 Values of parameters in equation (6) for different cultivars of cut tulip
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Maximum Rate Maximum Rate
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A HHL Diameter of flower neck/mm 1.4 50.7 1.5 43.9 5
WK Length of bud/mm 25 844.4 33 1001.2 20
7 HAE Diameter of bud/mm 9 323.0 10 243.2 10
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Fig. 4 Relationship between relative yield in different rank and the photo-thermal index ( P7/) accumulated from sprouting to harvest
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Fig. 5 Comparison between predicted and observed values on different development stages, external quality indices and relative yield of
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