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Comprehensive evaluation of pumpkin cultivars based on a principal

component analysis
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Abstract: [ Objective ]The aim is to quickly perform the difference among pumpkin cultivars, a suitable evalua-
tion system was established for pumpkin. [Method ]10 pumpkin cultivars were used to determine 30 indicators
relevant to plant growth, fruit, texture, seed, as well as quality characteristics. Biological characteristics were
obtained by ruler etc and analysis of nutritional quality were performed according to the methods from refer-
ences. Each sample was analyzed five times and each experiment was conducted in five repetition (n = 5). The
results were expressed as means + SE. Statistical comparisons were made by one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test (P = 0.05). A principal component analysis was used for
a comprehensive evaluation of the pumpkin cultivars and was constructed by taking the eigenvalues corre-
sponding to the principal components and the ratio of a single principal component to the extracted principal
components. [Result |There are strong differences among pumpkin cultivars. The first pistillate flower node of
‘Doll” was earlier than that of others. Also, the branchiness of ‘Red Chestnut’ and ‘NGMB’ were strong. Al-
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though the chlorophyll content of ‘Black Japan’ was lowest, petiole diameter and leaf size of ‘Black Japan’
were higher than those of the other nine cultivars. Chlorophyll content of ‘Rising Sun’ and ‘Jin Li’ was high-
est. As for soluble sugar and starch content, ‘Jin Li’ was the best among all pumpkin cultivars. The highest
chroma value and lowest chroma angle were found in ‘Red Chestnut’ which had the largest circumference and
the most important single fruit. The flesh of the Cream series and ‘Yellow Wolf” was relatively hard, and the
toughness was very different for ‘Cream NL1’, ‘Cream Y’, and ‘Yellow Wolf’. The seed number in ‘Rising
Sun’ was highest, but in the cream pumpkin series the seed number was small. The seed weight of Red Chest-
nut was heaviest; whereas, the longitudinal diameter and thickness of the seeds were much larger than other
cultivars. The principal component analysis extracted a total of five principal components with a cumulative
contribution rate of 87.240%. [ Conclusion ]The best comprehensive score was found in ‘Red Chestnut’; where-
as, the worst was found in  ‘Cream NLI’. This study provided a theoretical reference for rapid screening of
germplasm resources and pumpkin breeding. [Ch, 1 fig. 6 tab. 25 ref.]
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P JK Cucurbita moschata X4 1E )N, J&#i 7 Fl Cucurbitaceae B JNJE Cucurbita f¥) . FINE & 20 |
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I BT AR A R BT 7 A AN R AR R R 5 T R OE SR ARRIESE L 10 403 R K A
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P A Rk 10 4>, G R MBI RERL . W39l NL1” “Cream NL1', ‘W3l NL2"  ‘Cream
NLI . Wi Y’ “Cream Y'; WEMNEA .  Iufl’ ‘Dol “#A’ ‘NGMB', ‘HR’
‘Yellow Wolf”; ENEERGNIEAL.  “Hp28° ‘JinLi’, ‘JEH’ ‘Rising Sun’, ‘ZL%°  ‘Red Chestnut’ .
‘HAM  ‘Black Japan’, FiA &R T 2017 4F 3 H @M AE TLAR MR 2425056 56, BR1THE M 90 em,
H o8k B 4 B R S B R 7 2R AR R AR HESEA T, SRR 37 RIS 22 87 VAR 7 4 7 i il BT 2l R AR
W E SRR
1.2 RIWHZE

TS p IR RROE AR 0 . WOk HBT, AR 3R 5 SR T 485 X 4 2 {0 o e N i 4
FTi 8 WEds R RO 25 MR BLAR . S Galet M 2549 S50 Bk ™2, & pg JICH F b Jik R il
Jik o T e R ELAR AR I R IR P IS R 8 224 (CR-10) M 5 B KA SR B . SRIFEE, IR
O EE(E (C)ATETE A (H)™ SR AR Fb €275 00 2 W9 P b o 2t 43 0, O €2 30 S 000 3 9 o 0
F W0 mE JNFR BB R A ST AR . SR TA-XT plus U4 M4 (95 1E Stable Micro Systems 2y
A )X R R EAT 250 40 A, a8 TSR A R BIAETE PR2E 483k, B 2 mm, 032 550k I i
I mme-s™, WHAHEE 1 mm-s™, WG EATHE 1 mm-s™, JrARHERNEHEE 5K,
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1.3 HBESFKITHH

K H Excel F1 SPSS 19.0 X £l E 47 40 HrAb 38, FIH SPSS #4414 X 43 B % B TR 2647 32 1l 43
PEHCHIAR M AT . 2R PP B X 2 PR R AR E AT TE R A AE, X () = (X=X i)/ (X =K i), LT X R HE
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Table 1  Biological characteristics comparison of different pumpkin cultivars

i o MEEAET AL A EREA/em MR ES/em WP K/em BN fK/em  FEARBEE  PF4EE SPAD {H
‘Gl NL1? 6.3 Db L 0.99 ab 1.02 be 15.17 be 9.07 cd e 342 ¢
‘Y NL2® 12.7 ab b 0.68 b 1.03 be 21.17 abe 12.10 bed P E 38.0 abe
Y Y 6.7b L 1.24 ab 1.29 ab 19.10 abc 1534 b iR 35.6 abede
‘Hofl 15.1 a L 0.84 b 0.39 d 13.80 ¢ 721 d A E 33.6 ¢
HRIE 7.0b h 1.06 ab 1.07 be 18.10 be 12.16 bed it 425 a
‘eH’ 50b h 0.97 ab 1.31 ab 18.22 be 1422 b 9E 435 a
AR 9.3 ab [t 0.99 ab 1.32 ab 21.57 ab 15.36 b HIE 348 ¢
CHEAR 6.3 b [t 1.48 a 1.04 be 20.67 abce 14.14 be s 41.1 ab
CHARR 7.7b i 0.97 ab 1.81 a 25.88 a 24.89 a HIE 33.1¢
CERC 8.3 ab h 0.99 ab 0.78 cd 20.55 abe 12.14 bed B E 342 ¢

LT [R5 B 5 AN IR R 2 7R i Rl ) 22 57 2 3 (P<<0.05)
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ANFE AP R SRk 22 A K, 10 APl 4098 e O AR S, GEMMNRMK, 8%
W K, B U NLL f3.06 5, aiE REKERKA, B &/ JEHC MARE, &
4.10 em, & Wyl NLL® #9273 f5; 4088 BRI RK, & Dol 19 7.05 5. s A ) AT
PEVERIE R i B s S B, Horh WS M PR IE R R B s, e W NL2”
M 1.97 f%, 192 f5, “H3%° A JBH HRMhs . mEJE, JNEA ALk, AR,
HRT Ky Z T JUH;  CIufl RSIRmEL AR, SEE IR RO A R, CHARE
Uik, Wy NLLY FD @yl Y bk, HARMAERE., ‘af CEA M CHAR VRS W
SR CRHC L, WY RN CEAC RMESKZ, W NL2 R CEORC kA, H
AR RELHR (K 2),
2.3 A[EIE N & G i 45 1 b

TR B AR A R 28R A B . ol N2> SRR fe s, Dol SRR AL, (Ch 0
M NL2® (9 30.32%; Wil NLLY @l Y CZrEE K EAC BYSRRERE ML, Whah &5 3 AN
FpED R RPAMD R, U NLL RABERERT B CJEHC g CEAT M
CHAR M CJBH R RAL, (L 7.83 N, @ NL2® Ml CERC RAMEZF AR, MR
AR IR R 22 AR, WU NLL SRR, 4 g SRR, W NLL W5
Y’ R CEIRT MR EPITEERBE (B ).
2.4 AEEIKSMFHFHER LR

AR RN R A PSR E B AA R 22 5%, JBH MrsuRZ, UimRSF RG>, Uil
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Table 2 Fruit traits of different pumpkin cultivars

F 5, AREA AL

)|\S ST B NN . TER/ , . LN

i A Jii/ HE/ (mg- Bt N RHEBESC K ”

C H C H cm cm  JE/em . (mg-g™) )

kg g)
Uh NL1 347d 1ded 674cl2cd 142cd 286g1.5e 043¢ 1.86d 1.67d B3 3B Jolest ke L
‘Wi NIL2” 31.0d  09e 669c13bec 184c¢ 399e23cde 1.16b 145e 133 e B FIE Jolest ke Lo
‘Wi Y’ 31.6d 1.0de 669 c12bed32.1b 451d238cd 1.68b 1.62e 1.45de B KEFIE BEKH Tk L £
. 481 3154d ) \
i 31.5d1.5a 13.6cd 243 h 1.6de 038c¢ 2.64b 234ab B3 FIE WA ke
(65.9 a) (1.1 be)

ERTE 657a 15a 702c¢12bed122d 782b35ab 238a 285a 256a =% A P 328 whe o
ILNE 609ab 0.6g 764b12d 143cd 75.1b4la 237a 2.63b 238ab H= A £ 344 e o
LT 587b 06g 926a08e¢ 148cd 962a3.6a 268a 2.63b 238ab ZE P 35'8 wh o
N 51.6c¢ 12b 682c¢cl13bc 39.6a 432d27bc 256a 2.63b 237ab B¢ HAiE HRELK EK P £
CHAM 215e 14a 672c¢cl12bed13.8¢cd 543 ¢ 3.5ab 235a 245b 2.19bec B35 A W Wik G
CHEOR 294d 10cd 679c¢13b 535a 363f3.6a 239a 216c¢ 1.96c¢ ‘B3 HBHE SEKHE Eik L+

Yl CHRAREE, HERRWORM; DUl MR OIS AN A S IR B, 355 EUE O B IR Y BB R A
(7] 5 R R 7% it R ] 22 7 2 3 (P<<0.05)

40 20 1 3ra
a a g a
1 ab A3 ab nob b
30 F b 15 H I b 1
Z b b i be b <l cd Z 2 K be
i i 3 b
Eg 20 d - Eg 10 1 e || ¥ e B o p o e
B . & ]
B 10 H B 5| =X H
0 0 0
12345678910 12345678910 12345678910
RN GE B I Ff N Rl
1. “HWNLL 5 2. “HBWNL2’ 5 3. ‘@hWY’ 5 4. ‘BiR’ ;5. HREEC 5 6. JHEA 5 7. ‘OFE
8. ‘EA’ ;9. ‘HAHE ; 10. ‘HER’

ANTR] PR i R ] 22 S {35 (P<<0.05)
B 1 RE &SRR, RARZ, RAMEIRE
Figure 1 Comparison of hardness, pulp hardness, and toughness of different pumpkin cultivars
NL2® Fr8fh JLH 1 14.41%, ‘4058 MrlisEik, 5062 g, ‘B’ i, (L0.14 g,
Whim NLL A CBoE MR RERIART 1 em, (LI Fh AR B R T HAB R R (R 3),

F 3 A EEIR @M E R F R

Table 3 Seed traits of different pumpkin cultivars

it 7okt Tilt =¥~ BURE o ik /g T 12 /em Tl 5 A8 /em Fift & B /em

gyl NL1° 321 f 0.21 ed 0.61 ¢ 1.21 de 0.29 cd
sl NL2° 303 f 023d 1.09 a 1.62 ¢ 024 d

Wi y” 353 f 024 d 1.13 a 1.62 ¢ 0.26 cd
‘Bl 74.0 e 0.14 e 0.81b 1.13 e 0.32 cd
i 1733 ¢ 0.43 b 1.13 a 1.83 b 0.52 ab
RIUNEN 221.7 a 0.49 b 1.22 a 1.87 b 0.49 b

A 178.0 ¢ 0.62 a 1.27 a 2.16 a 0.66 a

CEA 198.3 b 0.49 b 1.12 a 1.22 de 0.32 cd
CHAR 204.3 ab 032 ¢ 1.13 a 1.31d 0.41 be
CEUR 1523 d 0.49 b 1.20 a 1.62 ¢ 0.28 cd

LT : I8 B e A 1] 5 B2 o A i 22 S W 25 (P<<0.05)
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87.240% , ﬁﬁ%ﬁiﬁjﬁﬁfﬁifi@%tﬂﬁﬁﬁ %Ex(%@ 4), 5 /l\ Table 4  Characteristic value and cumulative variance
TR 1 R 2Z5Tmk RN 37.537%, HAP KA contribution rate of pumpkin evaluation factor
L ORTFHCR . SSTR . K R HR R R LR SRR SR R TR
IR (N SN o P O H (2 e S 77
W, HPARERARRRAE, SermTRL 2 Y 108 L
BLORS RTAOTE IR, HE L R o

L A OB I RO RV AR BT, 52+ s o o0

A3 7 22 TUIR AN 16.630% , WK . SRKEEREE | U |
IR AR BA BRI EATE, ERRWe T mINB Ry sk, 5 3 Er 9T 22 5T AN 14.353%, FFAETA]
EAEBCR MM Ak R Rk, Rt . AW ELARSE, RSB TR AR A AR IR 5 4
JR3 BT 25 TTRR AN 10.494% , FEAE ) B AR AR 2 & B AR . 55 5 RO AR B 45 A A A (A 5%
W, SN T ARG RO R B R A R R AR B i S R A ZR PR

R5 EMSESZERERLOEFHETER

Table 5 Rotated component matrix of the principle component analysis

it Sy it LSy
1 2 3 4 5 1 2 3 4 5
A B (X)) 0911 -0.124 0.038  0.304 —0.006 || BEH#; (X6) -0.186  0.758 -0.077  0.369 0.270
JNAE (X,) 0.907 0.132  0.077 -0.084 0.089 || H &AL (X,) -0.121  0.748 0.241 -0.345 0.193
PR (X)) 0.888 0299 0.223 0.135 0.205 || JK# (X 13) 0.546 -0.593 0.371  0.093 0.202
JAK (Xy) 0.874  0.063 -0.181 -0.371 0.075 || JK& (X ) -0.123  0.592 0261  0.511 0.403
A BRI &L (X5) 0.827 0318 -0.078 0.045 0.308 || FEHHEE (Xa) -0.245 -0.579 0372 -0.266  0.513
Tl 758 (X) 0.811 -0.200 -0.315 -0.287 0.075 || JNJE (X2) -0.551  0.567 0206 0450  0.189
AT B 72 (X)) 0759 0264 0211 -0032 0420 HAMK(X) 0516 0040 0814 -0128 0200
e, (Xy) 0.717  0.487 -0.341 -0.149 -0.106 || M 7 T Mk (X ) 0.571 -0.111 0.774 -0.050 -0.158
R REE (X)) -0.696 0.408 -0.141 -0.377 0.165 || 73 HiPE (X) 0.289 -0.195 0.660  0.539 -0.145
TE B 5 S 53 B (X ) 0.695 -0.386 -0.387 0.380 0.027 || M4H 42 (Xas) 0.579  0.068 0.613 -0.299 -0.381
AL TERE T AR (X,) 0,676 -0.406 -0.386 0392 0.016 || JKIATEESL (X o) 0.553 -0.125 -0.570 0.319 0.260
(X)) 0.639 0505 0.163 -0.443 0.027 || 24 (X5) -0.563 -0.082 0.565  0.088 0.403
PP (X 1) 0.623 0317 -0.249 -0.557 0.295 || £ & HE (Xx) 0.255 0493 0.112  0.682 -0.137
FHEE (X 1) -0.541 0.505 0.066 -0.157 -0.473 || MEE LTI (X») -0477 -0.586 -0.105 -0.132 0.591
£ 28 5T 240 (X ) 0499 0349 -0.426 0.151 -0.224 || JKIE (X5) 0.459 -0.206 0.408 -0.045 -0.541

DA B3 AN T B ARSI o M PR S IR, X AR B R R 2R AT JC R AR B MR R 5 A FE
o055 P NS AR W A MR 2 ) 2 G AR 5
Fi=0.911X,+0.907X,+0.888X3+0.874X,+0.827X5+0.811X+0.759X,+0.717Xs-0.696 X 9+0.695X ,0+0.6 76 X |+
0.639X,+0.623X 3-0.541X 1, +0.499X 5-0.186X s—-0.121X,+0.546X 5 —-0.123X 9 —-0.245X 5 —-0.551X 5 +0.516X », +
0.571X53+0.289X 54+0.579X 25+0.553 X 5—0.563X ;7+0.255X 55-0.477 X 0+0.459X 5,
F,=-0.124X,+0.132X,+0.299X;+0.063X,+0.318X5—0.20X 4+0.264X ;+0.487 X 3+0.408 X ,—0.386 X ,—0.406 X |+
0.505X,4+0.317X5+0.505X ,+0.349X 15+0.758 X 14 +0.748X ;-0.593X 5 +0.592X,9 -0.579X 5 +0.567X 5, +0.040X , -
0.111X5-0.195X,4+0.068X 55—0.125X —0.082X 5,+0.493 X 55-0.586.X —0.206.X 5,
F;=0.038X,+0.077X,+0.223X3-0.181X,—0.078X5-0.315X+0.211X,-0.341X3-0.141X,—0.387X,,—0.386.X |+
0.163X,-0.249X ;5+0.066X 1, -0.426X s -0.077X 1s+0.241 X, +0.371X 5+0.261.X 19 +0.372X 5 +0.206X 5, +0.8 14X », +
0.774X 5+0.660X ,+0.613X ,5—0.570X +0.565X 5+0.112X 55-0.105X +0.408 X 5,
F,=0.304X,-0.084X,+0.135X3,-0.371X,+0.045X5-0.287X-0.032X,-0.149X4-0.377X5+0.380X 0+0.392X ;-
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0.443X ,-0.557X 13-0.157X ,+0.151X ;5+0.369X 14 —0.345X ;;+0.039X 13 —0.51 1.X 1—0.266X 2+0.450X 5, ~0.128X 5, —
0.050X 5+0.539X 5,—0.299X 55+0.3 19X 55+0.088 X 1+0.682X 5-0.132X 5—0.045X 5,

Fs=—0.006X ;+0.089X ,+0.205X ;+0.075X ;+0.308 X s+0.075X +0.42X ,—0.106X +0.165X 9+0.027X 1p-+0.016X ;,+
0.027X ,+0.295X 1;-0.473X 1, —0.224X 15+0.270X ;s +0.193X ; +0.202.X 15 +0.403X 15 +0.513X 2+0.189X 5, +0.200X », —
0.158X 5-0.145X 5,-0.381X 25+0.260X 55+0.403X 17-0.137X 55+0.591 X 5—0.541X 5,

ZEERE O W T B S T R ) S I e £ 10 o 3 s 8 4 D QD IVAE N S R (1 (N Y G o s S 1] = D S i 2
BIVE RACE , B NG SR, F ,=0.32F+0.15F+0.17F+0.14F+0.22F;, M54 AR R38R [ 5L
iR LA RIS (R 6), SEREM . af WgatEREl, “®A ‘HAR BIKF ‘4
T, YR CHTE WY RN JHHC, W NLD BIZEA SRR ZE, HAl S AR

®6 ARBER&EMEKTUITNER

Table 6 Prediction results of different characteristics of pumpkin cultivars

i i F F, F; F, Fs F 44
‘5 NL1 4.04 0.75 0.54 -0.26 0.86 1.65 10
5 NL2° 4.57 0.96 0.96 -0.27 0.96 1.94 7
WY’ 5.04 1.03 0.61 -0.04 0.98 2.08 5
TR 4.06 1.22 0.86 -0.06 0.89 1.81 9
R 5.55 1.21 0.54 -0.30 1.24 2.28 4
DNEN 4.96 1.09 0.87 -0.35 0.95 2.06 6
AR 6.37 1.54 0.92 -0.27 121 2.65 1
CEA 5.88 1.59 0.65 -0.20 1.13 245 2
CHARS 5.88 1.50 0.74 -0.27 1.14 245 3
CHORS 432 1.39 0.72 -0.10 0.84 1.88 8

3 Zw 5t

FNEA SN SE | it B e S IR R A0 o BT ABIR S A B R TV It 5 06 I 9 9 25~ bR
AL ZREED, BRI R R R )& e, ORI RGO RAOSFRA R FEE
5o ASHEFERT 10 A1 JI G R i 4 T A B A P ORI R SR MR HEAT I E , R Wbl NL1T O C@hm Y
LS CEARC CHARM: WMEEETAIRERT, (4N CEAR MaoeMER,  CUhh Y’ CEEE
CEA BESERRKR, CHARR FHEARARKR, MAHER R G R, AlRiE R
L G2 7 2 VA (O3 5 4 SN (= R ESN) T PN 902 0) N S e S SN S N 2873 o W SN E
LI Sris o0 Rl i i gibE A IPNE WL ST DN S oL &/ SR iibow/ QP S NS TN U EATE Sk G i
AFUSHL AR R AR PR T R IR AR R A SRR R AU 4598, X5 LABBAFT S M0UR) AR AU A 59 g I
I T AR 8 K5 ) TR SR PR A 388 56 2R B 0 B 4 SR AR . T3 PO T B 5 B 2R 1T
SR FIEASE, AT R o TR E MR 9 0 A A b, L rhal i PR e e by & B R IR 2250
MR EEE R, AErh, RS B RV RS A TE R B o RO e T R I A, B
SRS RBGE DREAED,

7 JTCSRAW 0TI S DX 1 JICAS [ o ) B AR, v s SR IR 2 52 it IRJE | JICTHT AT A% B0l ik
Be, HITURAIEAY ;RS RN TOE S 6, S RIS AR 2 058 i AR SR 92k B A B (1
G2, WPATUE, SR, HRFRECRIMEIN, Fr B2 AT A BUA i K AR
P e R CZ05E mN, Bhy SRRt ok, SR B B FI BT SR S G E S SR bR —, XIJE
SFPAESR G RAE A SR, N BE, LD ARG AR, CEAD MRk
I, NHGLEFR, ‘230 WHERS, Dol RSSHMRHEES, WEmMER, siek, ‘4
SO B HE AR AR R, AR LSS AR D B R, B A LB [

ARWFFEME T 10 AR AR A RIRR ARG | RS2 KR PR SC R b, OB I A B A 22 57, O
TE WA 1 2R F 3 18053 23 Wik X AS ) g SR R AT 255 PRAN o 25 SR SR W AS (8] g I A o i) 77 78 W08 35 22 5%



55 37 BH 1 [ 204G . N TR R I AR 25 A 149
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