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Introduction Cultivation and Comprehensive Evaluation of Tulip Varieties
in Shanghai

* . * . . k%
ZHANG Han'*, GUO Xueying'", SHEN Qiang’, TANG Dongqin!
(1. School of Design in Shanghai Jiaotong University, Shanghai 200240, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;

3. Shanghai Flower Port, Shanghai 201304, China)

Abstract: The aim was to establish an evaluation system to screen tulip varieties with good growth adaptability
and high ornamental value, which are suitable for landscape application. Twenty-nine imported varieties of Tulipa
gesneriana were introduced and planted in Shanghai, the phenological period, 12 growth characteristics (plant
height, plant width, etc.), and 32 ornamental characteristics (flower uniformity, flower type, flower color, etc.)
were observed and measured. From all observed characteristics, 27 evaluation indexes (flowering uniformity,
flower color, flower color uniformity, etc.) were further chosen to establish a comprehensive evaluation system
based on AHP (analytical hierarchy process) and GRA (grey relation analysis). The results showed that 29
varieties could be divided into 4 grades according the comprehensive evaluation, grade I included 10 varieties,
grade II had 12 varieties, grade III and IV only 4 and 3 varieties, respectively. The varieties in grade I and II
generally possessed high ornamental value and strong adaptability, which were suitable for popularization and
application in landscaping in Shanghai and surrounding areas in the future. These had an important guide in
screening suitable tulip varieties for gardens in Shanghai and surrounding areas. The established evaluation system
also has a positive reference significance for evaluating the application of other tulip varieties in landscape.
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HR 475 (Tulipa gesneriana), MWL HEF
7, 1 G FH(Liliaceae) il 4 7 J& 2 4 A BRI »
HAERUME;, fEOFE, BiEEmfhz, REIEF
ren PR e AR S AN B, 7E I A R, T N
TENAMNE kG, R, 2 R iU &4
PRL. Al 475 1 A B 5] PR 27 1987 4,
2B HEAETE AP SKe 407 22 1) 24 AN i Fgh AT 43
= ZHERSK, RE SR 1S E Tl M &
el Mk 2 i, AN/ Ik T G SR e T AR 4 A G| Fl
Rk FAHSCHT T 20, b g A 4 2 I R e B AL
T 2006 4, PLIRAECIRE 51 Ay 282 ANHE AL G dh
AT T ERIASR, FEW RUMEI. 2R 545
O, AHISRARPRED, A A AT L AU
MEZEE TR IS S

A48 1) SRR R AR AT 2 20 e sk — s B i 1
ARIBARFE M4, HMELLSEIUH L R it b i 4 1l
o A HECE IR AR Z Rk At AT 47 &
PRI AT PAZR G S TiabnE B, IR H B RHERL R
AP PEAN A o e, E IR HriZ(analytical hierarchy
process, AHP) & H § N H i N 1Z 1 —Fh 822712,
TEAEIRAETR, FEAE(Osmanthus fragrans)®. FAAT
(Dianthus caryophyllus)P 5 B RED) s FPiTA Hh453
IRGFEGUE . BEAb, K RBREE 43 #T i (grey relation
analysis, GRA)T; B IFEASE RN, Zprid FE
i, HETt O 2 S H T W R S5 R0 i
FRPEAT U020 B XA 4 A R S RPN © A D 2
18, RSP X AR 4 A i WL ) 28 AR
PRI RS . gt 55, RETIEE PR
AHP-GRA 7p#ri%, MULEAMHME S a5 2 N J7TH

1 ABEA O A

Table 1 List of 29 imported varieties of Tulipa gesneriana

LT 10 MERS, =L CARe AT RS, i
11 ABZ AR AR PR R ARl aT WL, Toigsd MFahs
FEIEARE TR A 5838 125 ] o

Fib XA e AN EREEE, 545
FEFREANLE O HCE B RKIMER, R, B
WA A dh A 4RSI R SCEC B ARV E R, i
ARG g HE A ARG A L AR LSO
FMRIR, e S TURPR LG B A A, TTRUA AL
Hb A 3 1) 78 B2 00 SR RIHE TR . AR RL 29
AR L RO X R, I AR R K
Rtk SALERAEHEAT RGN, fERCIEAL I, R
AHP-GRA 73Tk 14351 R4, kil B
an il ARV A 51 kA R E bt DX AR A
N SEARE AR, R, 09 )5 S0 2 b A
T A LA EE O FL 4R AR

1 MRLRN 714

1.1 M5

RGBT 1 29 MR 47 (Tulipa gesneriana) i
FiORf AR 1), HAERSF 6 A, HR
Bl 23 A T 2020 4F 11—12 A FEREE R EmT
T EATIX BRI A Y, R L
KRR HL ., NSRS 4 47, 3L 30 Bk, #RxATER
N 7x14 cm, THEIEEZN 10 cm. R T ILS
31.03298°, % 121.43492°, 4K 1 m, H#-T42,
Fhit 3% pH {5~ 7.53, EC A 736 uS/cm, A HL
JFRE N 433.00 g/100 g, R A, AU
& 5N 1.95. 10.08 1 1.67 g/100 g.

5 No. fF Variety

KA Type

TS Petal style FHERK/N Bulb size (cm)

1 “FiT % B ¥ % < Apeldoorn Elite” (AE) JEIR A A Darwin hybrid ¥i9l¥ Single 11/+
2 FrT 2 JE 45 < Avignon® (Av) HIEE /LAY Single late B Single 11+
3 LA P EE ‘Belicia’ (Bl) HIEFAIER Double early & Double 11/+
4 LI % ‘Burgundy Lace’ (BL) HATER Lily-flowered Bk Single 114+
5 TR - B 5 ‘Barrack Obama’ (BO) HEH Lily-flowered B Single 12/+
6 P22’ Concerto’ (C) arEER Fosteriana B Single 12/+
7 Bl HAE SR8 “Candy Club’ (CC) HIEMAER! Single late B Single 11/+
8 “RRPLR <Caracare’ (Cr) FEGEIER! Single late F¥ Single 11/+
9 ‘% ZF ‘Dordogne’ (Dd) Y AER Single late HE Single 11/+
10 it 47 /8 .22 “Disneyland Paris’ (DP) Zi4E A Viridiflora I Double 11/+
11 “# 5%’ ‘Double You’ (DY) HIHIEAER! Double late HjlF Double 11/+
12 UG T PRI “Easter Parade’ (EP) # 8 M Kaufmanniana Fl¥ Single 12/+




2 W TRISSE: R XHNG A T Pk 5 R RS VN 203
4J:3% (Continued)
75 No. fhFl Variety KA Type JEZY Petal style IR KN Bulb size (cm)
13 ‘WP %% ‘Fringed Solstice’ (FS) JAA Fringed HiR Single 12/+
14 HI4F ‘Inimitable’ (In) FUiEH Triumph Il Single 1/+
15 PEAE 70 “Mystic van Eijk’ (ME) JEIRIL A2 Darwin hybrid Hiil Single 14+
16 ‘HE /NN “Negrito Double’ (ND) /LAY Double late I Double 11/+
17 #4540 ‘Orange Diamond’ (OD) ARETRFE Fosteriana &I} Double 11+
18 FE K 70 ‘Orange Van Eijk’ (OE) JEIR LA (Darwin hybrid Kl Single 11/+
19 “HH AR ‘Orange Glow” (OG) YUiEA! Triumph HIE Single 12/+
20 A =48> ‘Pirand’ (Pr) S Fosteriana Hi¥ Single 12/+
21 i Wi ‘Purissima’ (Ps) ErEER Fosteriana §i9¥ Single 12/+
22 ‘B2’ ‘Queen of Night’ (QN) HIEE /LAY Single late Hi§ Single 11+
23 ‘B2 %X+ ‘Royal Ten’ (RT) JlUEH Triumph B Single 11/+
24 ‘BHY: 2> 2 “Sunny Prince’ (SP) JLiEA Triumph Hi§ Single 11+
25 it it E “Swarovski” (Sw) FYEMEAER! Single late HilF Single 11+
26 ‘SENN B “Temple of Beauty’ (TB) HETEH Lily-flowered Hi§ Single 12/+
27 ‘5. %% ‘Table Dance’ (TD) HHFMEIESY Double late #HJF Double 11/+
28 {9 B 5% “World’s Favorite’ (WF) JEIRLA4AE Darwin hybrid §i9¥ Single 11/+
29 ‘15,2735 “White Marvel” (WM) YUHEH Triumph B Single 1+

1.2 WA Fads 50 E 77 &

F 2021 4 2 A IF46 E B 29 AN S A AT 5
ST, 3 0 0 A= e A R B R 3 44 AR
fabr, HAPBERR 274, EMEF 1740 G
MEIE 10 A HE FENLIESRE 10 £5).

W LI 2 2 A [ P L v ) B3Ik
B3 didsk 1k, WBYEETT, BRI R
I U OB 1 k. Fe g A LT TE R B (FE ) &
Ny N MHIAEEABIRACHA P B 1) s R A

AR 12 N S A B IR A
KR BGUANFIER B BE SR AR R
WA PRer EE. R SE. RS E. R
Y B FRERANE. SR RRER 1 BR R AR A2
LI RH. TR, Hd, R EAHEE
3 TPS-2 AU 4% 254 (9% [ Hansatech 2 & 42 7))l
S, FLARBEIE bR A ZI B RO & BT R
&, e A B, FhERF SR bRk
FhER G AT 2, B RE=UOR 5 FhER S e i A
BRE(>x100%

W FRF AR 4 A (M N AR B, R, A
W ERAAR . L FEETAE 3 A2 T 4 D gk AT
R S0, SEEET 32 ANWE . BEA R
BFETFICHEST R MHREEST S . THE R, ety
SIREL FFAEE S AR MRS T aREr i
WAL 2 L AT AR 6 MR TR
JFEHARER, f6fE. BB, R iREGE,

REGE R E . Bt b Bl K.
eI e LIS Lx, feta il a*. fEE M
b*, fEtESE C*. A hoy fERgItHE.
TEMn KA, e, fesm. sRTea . 1t
B RN S R Teaeihi Z 07 K 21 Mk
Mo s VYRR R AT H (8] H I, #a Rl A S
T, Hr, fEamELIERRH SC-10 FHX
NI =B IRAR)NE, KE&
A S L. A58 aMEwE
b*E, FFIEALARREE CHEM G A hefEPY.,
1.3 T

R I Y J2 k- €8 0 K FE 49 BT 25 (AHP-GRA)
WA & B BT SR A VRN . BT B AEAR I 5
M, GEESCEREGE AHP PR FE bR, 8 i
W RE B R B e SR AR OACEE,, MM H . AHP PR L
RARST, [E, SRAKEOICHREER, il 17—
MSFE o, AN miiiE o, g
LA 5 <SG RS PP R, N
CEA T S AL 5027, S PR e bR, WiqE T,
TeABith. feaepnta s, fEMhgRA, 15
PIANRIRII BB LR Z 5, AH KA R 445 R
TE R A W LF, %M BT S B 52
Wi, AfF FEISS XX EEAR AR AT 1 R AR 1 B 1) 17 5 1
A, KA Py, WA SRR R, a1
(e

X H Microsoft Office Excel 2016 {45 £ i3k
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2.1 PiEHIER

29 MR & A SRR AF R E 7 KE2HL
M FPEETRTE 2 A 15—26 HH, %3 A¥I4H
W, BARM3 A 15 He B, ‘W52l
PIERDE AR, 1RER IR, RegidsIHH
B RS A L, DR H e, 5
RS | AN &AL EE A2
W4 A 12 HEIS H 15 H, FrLAise & ik

ML T AT, < PpZE il 5 A 22 4 R TF A A L
2 oM, T I U A B s R 22 i e )
WERE3 H 1 HE 4 A 22 H. WIE R
TEH, & ShAp L i (A ANE], (HI57E 12 d N 58
R . AEIAMHITEIAF a6 BIRAEIASE I, =UEA
RS & A W B R o & SRR AL A B R 2
S, Hrp iRk, k25 d, WEIIY R
MWANE AR, N24d, BFETES R IHREK,
R 22d, ARSI Z N 13~19d, T 2% AP e
A, 9 de HERERH 5 R aaha e E R,
TG AR

[ | B%5 4 Budding stage [l #17£30] Early flowering stage &AL Full flowering stage
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Fig. 1 Flower phenology of 29 Tulipa gesneriana varieties. Variety abbreviation see Table 1. The same below

2.2 A KRR AL B R L
2.2.1 KA BT

REZHHFRESREIR] g, o 7 AN
HEk 100%, XA S A SFKT 90%, HAA 1
AN AP EREE 50%LL R o I T AR AR KA
BURE, AR g, CBIETRI. R
W EEGHTIY . IR R RO R R
(SR PAAUMNI: ¥ 78N % || 2B NS R I 1 =
1A SRR R GF, BRI E T 90%. FrA i
B, RS R 5 F AR ) AR KR R I A
72, BERARRED AR o FEAR I k5%, M

RN DL o

29 N SRR ER SE T R I AR 2 o Horh, B2
Proe- B R SRR B KR ER R R
JAREERIRK, 2 Hlik 56.45. 34.02 g fl 14.12 cm,
17 < AR SR (R X B s o < BEOR A 32 R B B e
Bk, BHRKUL 7.40, MWANEH 5 NSRRI SR
RECKT 5, T HaEE A AU 1.67. AR RES
EARNAKR, ZHAEL b
2.2.2 WHFHE

(1) BEARF RN . REEE A5 BE SRR RS
AL RS, ToIEXS BRI A2 LA I FEAAO0 5 1
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ARIEAT I, AL FEHALSRE T 27 A S AP AR FE AR -
KA PR RS B R A, el 5 BRI
B, ARAAA R B B e ANy
5], BERHREMRE A ZE RO, FAEREZE 5 R
B .

FTEE R A8 7 KA RS, R
KULA MR S ZE AT, BTz . 45 R,
Bk FRSTER S, AN RRYUR(23.61%),
FLUSE Bl SRR IR 3°(23.32%), B A AR &
£°(6.12%) P24, Bz EIETTRML A
e WEITID . WAL E . MR
PGP T E A EIEN BN 10 SR
TEHIE 100%, P& EETA N 6.90%, “BEFAH IR
0 ARG B FFAE o

(2) MFEBMLE AR, SR BE, SRR A

IR ) 22 25 EERE AR B N

(3) ALFAFHREME . HIEAEMIC S T 29 /N Fb
AL HER (B 2), Hob, RS A 5 BERER
R A Z AT TV R A TR, Rk, X 2
At M M AR S HBENR . R ZH0m P 14E
BT 10 em, AL 4 ASEFCRT 10 em, Hreq 2
T8 (4K, A 13.59 em, HAEIEH K (9.79 cm), 1E
BN PR AT, ME——A/NF 5 em (15
o ALK FE AN 55 FE 3 591 4.63~9.79., 3.05~6.03 cm,
WA REMERR, U HACIEHS A F TR
SRR EE . 29 NMF R RElEsE 154, &
Bt 14 4, WA 3 A KU EBEr R . fEER
A R B 5 SR, 1A 51.77
F151.30 cm, MBI PG AT A 12.17 cm, I
Gb, A 3 AR ER/DNT 15 em, il s b

P 2 29 MR b Ff AL B IR

Fig. 2 Flower characteristics of 29 Tulipa gesneriana varieties
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. CHEROMCEIENENC . SRS AN
WK, PRI FRAE AU AOR B AR . 282
A T THUR A (22 Sk it ) B T 21 B A A T o o
(B3 Ay D, AN 5 A, Horp b FAR SRR 1K
LB EIE 6 4. WAL ER 3 Fh: g, PR
SR, HAmIrER R A R 2 f 204
& (K 2).

& At 2 i, Wil 2GR AR T

2 AR R

Table 2 Numerical value of petal color of Tulipa gesneriana

FHAM R HAE R FEPT A dhFh T, LHMERK,
B0 S0 5 A i ) 1 L i e B 7 L+ A
Ny BESEERIRIZR RO R CHER
K, BB REHE R R OO, 1EE R, C*
HiD, PRI A tard’, fENHE. he
B UE B BB 3, BN B B 58, T
A AR, R R KA 5 /IN 1R 73 Il 2 € ) A o
PIARI I S AN TR (67 AT /NS

WiH Item L* a* b* C* he
I Mean 59.52 27.15 27.67 42.60 43.46
J5% Variance 14.89 19.12 21.19 22.05 26.10
25 5t 23 Coefficient variation (CV) /% 25.02 70.42 76.58 51.76 60.06
FRAE( ) Maximum (Variety) 81.13 (Pr) 53.05 (WF) 69.91 (EP) 71.19 (OG)  80.84 (EP)
T/ ME(F ) Maximum (Variety) 22.56 (QN) 4.90 (Pr) -3.50 (TD) 9.36 (WM) —16.11 (ND)

2.3 YEMMIERY R R ST

AL BB 5 A A5 38 B 2 5 T B IR FR bR M
Eul, SHEMANRMEET M bR, URIA GRS
[, {5 BATURX — AR RIIEE T 27 MUK

3 BHE A R S S i

Table 3 Model of hierarchy construction

bR, MR TR R IR . R AR AR
BT VX E WM E, WG 7 HIWRERE, 2R
B — SRR A 06 45 R AT 5 BRI UM T =
AR 3).

H#r HEN = fabr 2 ity Y WE =
Target layer Criterion layer Index layer Index weight Scheme layer
29 ANHE DG M H A E REAE (D) TbREESTEE (P1) 0.0424  FHHEBATLEEA TN
SRR LA VAN (C1) FE% (P2) 0.173 5 1

TFIEHRESREE (P3) 0.093 9

TEHIREL (P4) 0.056 5

BB SIE (PS) 0.099 4

" (D2) & (P6) 0.0112

- (P7) 0.032 6

K (P8) 0.004 0

AL (P9) 0.007 7

1t (D3) 1 (P10) 0.063 4

42 (P11) 0.037 1

Tt (P12) 0.089 9

e EE (P13) 0.030 1

LT (P14) 0.0152

WER (P15) 0.0128

TEH (P16) 0.008 8

RRAEHREL (P17) 0.017 6

HAFhZE )7 (P18) 0.003 8

ABENE KR (DY) HHE (P19) 0.043 7

© TR FOIRGL (P20) 0.060 7

s (P21) 0.017 1
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43R (Continued)
Hir)2 HEN 2 febz)z FEFFALE LESS
Target layer Criterion layer Index layer Index weight Scheme layer

29 ANBECR G R AESENE AKIRGL (DY) TEIE (P22) 0.0120
SR ISR A VTR (€2) INHHCRE (P23) 0.004 6
A AR (DS) HLER G E (P24) 0.0183
FHEREH (D6) TACAERE R (P25) 0.007 3
BHERHL (P26) 0.029 0
Az RE (P27) 0.007 3

g AT PRIV R WIS IR . MIRIEb R S (SRR EAE . X RB E PRI SR bR EAT 7

KRB EERESE R, X N ECE R P HE AR

4 FEERIPO R RRE

Table 4 Evaluation indices assignment of qualitative characters

HIRMEEER 9.

ity T{{H Assignment ek
Index
layer 5 4 3 2 1 Index nature
P3 FrALEF BUREST A AEES iE
PS5 %5 B A5 iE
P6 7303 R T iE
p7 WSk £ iE
P9 FARBLEL TR YR ET T ikt I G Y iE
P11 RO FANE j=Siutred] FRRARDT iE
P15 il Fofth iE
P16 it e AR Y T iE
P18 £t T L A A v EiE iE
P20 fiyed B (g [ B %= iE

2.4 GRS

PN FE BB A SR, SH Y
TN RGP R, AT R PRI IUE NN R
i A SRR . SRR 52 R
IRAB IR R BT 1, P2 S R 5B b
kR, AR RSN SN 45

& 529 MG E A ISR PN

Table 5 Comprehensive evaluation results of 29 Tulipa varieties

RER SYBMMAT S, 29 NEFRTRIDN 4 A%
Po 1 HHIKEKEBERE>0.7, B 10 MNnkh, 1T %
IR BB R BN 0.6~0.7, 4 12 M5 Fh, TIT 241
KEFKEEREN 0.5~0.6, £ 4 A, IV REIK
BRI R <05, A 3 MF. FaMoEERR
K, Horbdg @ o A £ 4%5°(0.798 1), T AR B

A i 4 iR st fif W 4 W | A i e IR

Variety Score Ranking Grade Variety Score Ranking  Grade | Variety Score Ranking Grade
Pr 0.798 1 1 I Cr 0.6129 20 I WF 0.619 6 18 I
C 0.689 5 12 I AE 0.590 3 23 I TB 0.620 2 17 11
Ps 0.742 4 4 I BI 0.627 8 15 I TD 0.553 1 25 il
oG 0.770 1 2 I cc 03160 29 v BO 0.659 1 13 11
SP 0.602 7 21 I RT 0.715 3 8 I DP 0.586 3 24 il
EP 0.754 3 3 I ND 0.724 5 6 I In 0.470 2 27 v
FS 0.717 7 7 I Dd 0.529 8 26 il QN 0.618 3 19 1I
ME 0.7052 10 I OD 0.3459 28 v DY 0.695 8 11 I
WM 0.709 7 9 I Sw 0.640 1 14 I BL 0.6251 16 I
OE 0.7352 5 I Av 0.600 6 22 I
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FARIRE AL 0.316 00 T A FHIERERNE . FEA
MEANAEES TR T, & B AL
w0 VAAE FITE PN L i A N 1+ NN 2
R BT PR A A HERT = T A AR AP ER
SOBrRE U, ORI ECAM R Z KT 12 cm, —
fBCER 2 SERERS FERIE R T AL, HERM . 14 F
A TE BV R BB AR, (BT A Rk,
v W SENTEE IR L L S R
SRR, XL SRR AT DL e T D04 1T <FH
e 5 EE MR, &G FARRME. 1T
P51V HRMBARE, EHENERIZE, H
MR, R, THERIC, JUHZ IV 41 3
A EL AR B REURE 5B asia, A
SRS M il w5 e p S A

3 e it

FE BT BIAT X 51 bR 29 N2 VAR 4
i, WAEAHRRIE 5 0 SRR 2 D5 T 20 I T 12
A 32 AMPEARIEAT I, 3 B VIR B 58 BE AT
EET P S TR LR L 16 o S GRS D W i
SR, ZRER, IS ROVE S ke
PR R R SR 7 IR SERIEA . 72 SRS A T PR B
BLat b, R - AR E R IR FE 7 IR AL 1
S AR E VRO R R o DURR B i A D el AR
VAR PS RS0 P < VAL VeV ¢ - tic Py i A R R R )
TRV BB . AR5 TR G SRR EE /) Midk, X9
W AR BT T 0 AR AR AL B, K R A AR
95 LB N 5576 fh MR ORI EE Y LA, S8
AR T RS S, 2 AT P A
th. S5 RFFELPR, LN RMAR & AT IS .

1 b R BRI B VAR A R
HET ML FRAL 7 AR, SRR ORI AR
B, PR T AT, (H T A R
i, SIS AN AT REXS BT A I VEREBEAT I, B
LA 2B L o AE A 51 ARSI T ST, fisk
W2 BRI, e RIS AT I T A 2k
AR M T A AR OR35S R BRAEPTE T 2004 4R E
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