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Analysis of fruit quality of 15 ornamental crabapple varieties

WANG Wen-yuan', LAI Xiu-fang', ZHANG En-hui', XU Qi', ZHANG Dan-dan', ZHANG Wang-xiang'*
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Abstract: To analyze the quality differences between different varieties of crabapple fruits, and provide theoretical and sci-
entific basis for selecting main factors of crabapple fruit quality and developing the application value of crabapple fruit. Fif-
teen varieties of ornamental crabapple were evaluated for differences in 8 fruit quality indicators, including soluble sugar
content(SS) , soluble solids content(Ss) , organic acid content( OC) , soluble sugar/organic acid(SS/0C) , soluble solid/
organic acid(Ss/0C) , fruit weight(FW) , fresh firmness( FF) and peel firmness(PF). Result showed that (1) there oc-
curred significant differences in 6 fruit quality indicators among 15 varities ( P<0.01); (2) A significantly positive or neg-
ative correlation was observed among some of the fruit quality indicators; (3) Three major components ( PC1, PC2, PC3)
with characteristic value larger than 1, whose accumulative variance contribution rate was 83. 54% , were extracted by PCA.
The first major component, PC1 represented OC, SS/0OC, Ss/OC and FW; PC2 represented SS, FF and PF; PC3 repre-
sented Ss. In these 15 varieties studied, Malus ‘ Forever >, M. ‘Show Time’ , M. ‘ Donald Wyman’ , etc. were suitable
for consumption , M. ‘ Candy mint’ and M. ‘Indian magic’ and M. ‘Indian Summer’ suitable for fruit juice processing.
M. ‘Sweet Sugartyme’ possessed longer fruit retention period and storage period.

Key words: Ornamental crabapple; Fruit quality; Soluble sugar; Organic acid; Correlation analysis; Principal

component analysis

*

Y fs B H#A:2017-10-16 ;18 [E B #§:2017-10-29

EE&TWE LA LA B FRIHT eI H < WS T MOREEBORDIF 575387 (CX(16) 1005-4-1) 5 715w K dn &l gt st T2

PEENI H (A2 ) (PPZY2015A062)

YEE®IAT: EOC(1997- ) , Lo BEPUHIMR , REARHERE, E-mail :751588221@ qq.com,
CEAEVEE KRR (1965- ), B TLHZM A I EZ , 14 E-mail ; zhang2004@ njfu.edu.cn,



e

2 AN

Mol B

i 45 &

M52 (Malus sp.) N5 15F+ ( Rosaceae ) SEA & 7%
MAEARBNTAR, IR HE < 5 om  TEFREHRKE
P e A A L LIAE N E, 5 % W
I EENLAE it SRT— 5 T, X T SR S B
FRELEPFOBIR Y Pk AREg AT %
Jii

BT OB A, T 3 AR 25 ] &m0y T
WHAWBTER T . WHFERY], W SRR N & 2 Fh )
B2y H AL B A U e B U R AR
AR EERIR T RS R S AT R R U
3 TR SR S A SO R, DX T SR A B
ARy A B A0 e A AL A 2L TR
SEHO g F AR R 7 ST R AR SR
SHIETZEA M B AETE 1 F R
AR SE) S B %A T 2R R S
T R S R R S B A BIESE AP 2 SRR 2R Tl 5
RSP N T R R R i — s Y BB AR, X
T YN CuRisa S SR iE EP ST TN

ARMFFELA 15 ASWLEE i 3 b Pl R S I B
D5 FERT IS PR IS PR R A DL | 1A R L
WEIR LU A SRERE SRR TEXT 8 A il Bt
TEARIEAT 7 28 93 M FIRH S A 23 A, AR AS ] 7 5%
A BRI BUHEAT PO F 202 | DAy v SR S BT
Wr At FERSTT Z A S

1 #MEEF®

1.1 gt

TR M TV 95 42 N T VT30 XAl £ B (119°
55'E,32°42'N) , J& b At 22 AU, U243 B 47
PIR2) 14.9 C AEYIFEW 291 000 mm, TCFE AL
320 d, I RV L 2 IRIEIR,
A R RREHE A BT
1.2 Rt

IR S8R R bRl K A v S b 5T B R
Il 7 b 25— B0 15 S FOEFE AR L 2 m
x3 m BRATIEARAE , £ Fh BT 10—30 #k, B 2t
AGERAE (R,
1.3 REH*E
1.3.1 #HSmRE  T&MFNRS R N IE
FA B, R A K/ NFEAR — B B A5
B — 0 JOHLAR IR 45 R R SRS SR A
RERLST R 2 8553, i T B L R SR S
EJ5 A T HABRS AR I 2

®1 HiABEERMNERERS

G P24 FK
1 TP (Malus © Candy Mint” )
2 FERFRR (M. ¢ Strawberry Jelly” )
3 FAEHAT Y (M. “ Sweet Sugartyme” )
4 MR M. “ Donald Wyman’ )
5 W JRLL (M. ¢ Prairifire” )
6 2HIKAE(M. ¢ Lancelot”)
7 % B (M. “ Robinson’ )
8 JEAR (M. ¢ Indian Magic’)
9 B675 (M. ¢ Show Time”)
10 TE(M. ‘Guard’)
11 AYTH (M. “ Gorgeous’ )
12 WY (M. ¢ Adams’)
13 WEE (M. ‘King Arthur’ )
14 EN%54¢ 2 5 (M. * Indian Summer’ )
15 FKAE (M. ¢ Forever’ )

1.3.2 #H&ae  HREH(g) RASH K FFRE
e, RSCRE R (ke/om® ) A 45 R 7 A R 55 5 P R E
K H TAXT.Plus A BTHSGI5E |34 30 IRE X, &%
B2 pi/NEL, BUR R ZUE T — R84 A AL e A
BRI 2« RECTRD L € 325 000 AT i P, S ARk M
I E T RE R, WY'T R DS mT 5 47k [ 7
P, 3 IREA
1.4 B

iZH Excel 2013 F1 SPSS 22. 0 %44 35 4 5f:
HEATAH DG AL 3

2 HRHM

2.1 RELBHIEFEGMEAESR

e 2 AT 15 AN TR Y 8 A B 46 br L
AARFR A E, Ho PR s 5 R,
80. 15% , HAF S yw I A 0. 73—6. 02, e KIEZ K
Be/MER) 8 £, HILATIL, 15 S A A R 22 5
WK, PIPERE & R AR 2. 12, @ M 5.55;
PURR & o A28 S LN 7. 44%—21. 91% ; ] Ik ]
W &7 SO TR 9. 10%—21. 52% ; [ R Lt B 1%
FAB R MBS 3R 1,26 F100. 51 ; BEIR L% 8h T
0. 17—0. 41 Z [a]; 5 5z 6 B2 7E 671. 87—1 928. 39
ke/em® 22 [A]; S A BE B W) #E 472. 88—1 396. 93
kg/em® Z 0], 8 A il 0T 46 A 1 Je KAE R e /ME Y
2.36—2.95 1%, ZMH B /N HAZE R R BALLE



5513

E T 15 DULH R

9

it SR A 3

23. 26%—44. 90% =2 [a] , ] UL i il fa] A8 S 4755808

B 3E P 5 TR B JEE B SR PR B JRE ) it o ] 22 S

WA Ty 250 0 o, s PR S & AR S A&,
it AT PR ) & f DL S B T Sl ) 4
x2 BERIBREER
S FE(E WRAE NS PR A B % AR 22 5 i 2
MR SR % 4.23 5.55 2.12 1.07 24.95 39.23
IR 5/ % 14.64 21.91 7.44 4.20 35.87 25.53"*
ATYETEEITEY/ % 12.40 21.52 9.10 3.01 23.26 62.316 " *
[ 7% LE 0.92 1.26 0.51 0.34 37.31 -
WER L 0.31 0.41 0.17 0.14 44.90 -
/g 1.82 6.02 0.73 1.58 86.75 224.91"*
B/ (kg/em?) 844.44 1 396.93 472.88 265.08 31.39 0.407
LU B8 BE / (kg/om?) 1221.21 1928.39 671.87 347.20 28.43 0.184

* T RIRAE 0. 01 AR EAFTER B 3 2%

22 REmBUstREEXE

T B S TR s 0] R AR S PR L3R 3, 45 R R
N AHURR & i 5 [ R b WL L B 3 A
KM R LE 55 T8I R L, S B A B2 5 5 D) 8 R
PR EAR G, Forb, 2R R B B2 5 2R ) A ) AH O

Mefeim  HOCR BT A 0.832, PRE SREEBL A
PLR 5 170 B A Y 28 1E SO DG  ml o M 5
WL L AR B B 38 7 FAT 35 IE AR SGSC & (EAN
FAEFIFF AR, HAHSE R R <0. 6, HARAE bR oR
TEARSC B AT G SR TIAR S PN 25

F3  mTIEPRAYE B K REUERE IREVE

Bt MRS AAURSE TMRREDBS SR MR BRI RRE RkE SRR
A A 1

AP 0.20 1

AR R 0.34 0.08 1

B354 0.10 -0.80"* 0.44 1

BHIR 1L 0.54* -0.65"* 0.11 0.76** 1

PR -0.31 -0.63* -0.08 0.60" 0.38 1

SRR 0.56" 0.10 0.05 -0.04 0.29 -0.28 1

R 0.45 0.03 0.29 0.10 0.21 -0.04 0.83** 1

* FIORTE 0. 05 /K- W EEAHDE, © * FIRTE 0. 01 K 1 2 AH ¢

23 RELBEBHRERS S

F 4 015 AEFR 8 A TR bR Y 32 R4 A
SER FERUMFIEE R T 1 BRT 3 A E R B2
ZTTHRRIE 83. 54% , v LIAC 2 R 0 4 K800 1
B THRIEOR Y 8 AR RLE AN 3 A HAHM ST
BT, Bk PCL, PC2, PC3,3 #7572 BTk 245
K 37.49% , 32.28%, 13.77%.

5 R EA R far i AT DUE R AR
FIRT 3 A F R Z A DG, o PC1 224G

FAPUR R L PR LA R, Hoh B
A PR & AR JC AN FLAY 3 A R A 28 i
FHG, PR E A AH SC 1 BN, T B SR R 5 PC2 AL
A—EMAMEER,HE PCl A M R B 4%
i, PC2 EZARFE AT MM & it SRR R B
PC3 W] AR T AT EIEY) , R IE A R
15 S AP 55> W 6., PC1 15501 e
) At AT AL B et AR, T 1 78 L W R L ) 5
Hop R A O, SRR kR TR WY



4 AR N

Mol B

i 45 &

CTERTEE I 2 X (EAS A3 AE 1S A A A X B
PIRTF 1,002 FHG4 IR, PC2 FS4ils e, I
AT IS CIREES ey il = = S P A B R T 1
IR, RO 2 | kR R R AR R
WO YIRS, R R WIAR R, X
PC3, A 4348 o 1) b o o] 3 2 [ 9 5 B s
W EEAR R NS D R

R4 BERRBEEHFHIEE. S ETHRER

Bt AEREHE
FEWSy O FHEE TR/ % BT 2 5TER/ %
PC1 3.00 37.49 37.49
PC2 2.58 32.28 69.77
PC3 1.10 13.77 83.54
*5 mRATERFHREE
X i
Eiztan
1 2 3
AR S 0.29 0.79 0.13
AOLRR & -0.81 0.44 0.22
AR ) 0.30 0.34 0.85
[ 2 M 0.94 -0.18 0.25
BHIR 1L 0.89 0.15 -0.12
B 0.61 -0.55 -0.15
SRR 0.20 0.85 -0.41
e ratdiy 0.30 0.76 -0.21
*6 BERMREBSES
F AT HE
i ety
PCI PC2 PC3
TR -1.05 -0.01 -1.26 -2.32
BURER IR -0.41 1.31 -0.40 0.50
ARFHE 0.47 1.74 -0.98 1.23
By 0.36 1.28 2.68 4.32
[ Ean -0.91 0.04 -0.68 -1.55
B -0.86 0.53 -0.35 -0.68
% i -0.28 -0.09 0.00 -0.37
BEAR -0.51 -1.54 1.04 -1.01
iy P 0.44 0.66 -0.40 0.70
P 1.03 -1.07 -0.28 -0.32
Hin 0.58 -1.69 -0.79 -1.90
WY -1.35 -0.36 0.35 -1.36
WHEE 0.22 -0.35 0.10 -0.03
R H -0.35 -0.49 1.19 0.35
K fE 2.62 0.05 -0.23 2.44

3 W55 8

Vi S L S it ST AF 0% 5 R AR S o ol 7 9 3
HEEE Y, AR 15 DWLFESE 8 S RTE
BRIEATINSE 43 B, 45 S 2R B VAR A ot o i) R 5 Joit 2
S RE, SEmE RS FEE AN, KR
ZBGEHAE 23. 26%—86. 75% 2 1] ; 8 4™ i JFi 15 b
) RER 3 P AR A7 AE () 38 1E (7)) AHOG, #7r 48
FRIFUAEFE — 22 WA SRR B 35 Jlad 32 4 43
BrS BIFFEE R T 1 B9AT 3 A E Y 23T 251
BRFILRF 83. 54% HLFERY 8 AN BTHEIRZR G R 3
ASE AR ST B -, Bl 25 A 15 5 R B Ok |
MU I H RS S AT B, R T A A
TR BT R SR AR AR R AN TR 5 o Aol ]
B 225, R o 2 1 AR 1 B AR B A 4

RPAAIFGE 2B, XUBR PG B 1% 3 5 5 b 1 B R L
T ZTE 209%—60% , fi = 2 AU R I fi I AU
W , THEIR FL/NT 109 B UK ASEET S AR5
SR SR P AR S R BN, AT PLIR
HIAR S RBOR R, L, KUK AR 4 32 HLIR & &
BISEMAE R, CE | BPEFE | 4R | BRI
6 S SRR R B | RV I R W RN AT R
R, LR B, RS AR EERMA
7SI (T 275 M % N O | = 1= = R ]
RV B DA R PR R E AR Nl TR, BLAE
Wi ST I AR 7= O T, A8 R 1 TR B R A a2 TR
e dn g, BEm B A P zs Y L peah, < R
6 PSRN R SR EE KT e R i
BAEAED L T Ah, RO A S S S TR
AR AEAE AR T IR R SR A 1
R, A RE AR A S B Ay 7= i s R B
FHEA 0 SR AT DU g B 5T 5% U5 R AE 5 8 SR o B i
S TR =3 I W Ny B 3 S e L
FHVE S A 545 FH s

S 3k

(1] 3R, THAM AT A, 55 T 00 5% 1A 5 25 5 Bl Al 3
L] ZeRb Rl ,2015,43(16) : 190-195, 218.

(2] T K, SKAHRE, TR AR, A5 LB I S Bl RF L R 5 1
LEATEN [ C] 7/ E B L2 4 2015 4E 25 RAE S8 O 5
4£.2015.

(3] SRFHF,FEMRME, T MR, %A R UL 5 I SRl o S sh A 2Rk
FUEAFIT [ 1] &5 MFST ,2017,35(3) 1 161-167.

(T#HFIN)

=4



1 SR LA .3 b A A A B AR 38 B A B A vk 9

(5] WIEELAEY PRIk (—) R EE IMIEL)] Y ¥ [D]. 2% LR ALK ,2014.

IR ,1993,10(2) :60-62. [14] Tk, B R, SN, 55, < W41 70 T ARAE# A 1 1 i 5%

(6] FMEFT,EAAG, k. AS R4 F R0 80 26 1 g B I8 0y 1k (1] At 2EBe: ,2015,30(2) :63-66.

WFFE[T]. b EA 247 ,2010,26( 1) ; 166-168. [15] FZ78. LBHsh X LR m AL Rt 2B 58 [ D] 20 .

(7] & U8, 95U AR AR B R B 0l B 45 1 B3 A TLRHAR Y K2, 2016.

Fii [ ] Mol R 2016,52(2) :67-73. (161 ZFHF, B 2, %) &, S WAL 2R 0% 0 R 3 AR il

[8] KHATUN S, FLOWERS T J. The estimation of pollen viability in (1] AR, 2007,35(16) :4742-4745.
rice[ J ].Journal of Experimental Botany,1995,46(282) :151-154. [17] DURO A, PICCIONE V, ZAMPINO D. Air quality biomonitoring

(9] FHEE, X R AR AR TS S5 ma D R AR I iR [ ] through pollen viability of Fabaceae[ J ].Environmental Monitoring
E 4k FF2#,2005,31(4) :110-113. & Assessment, 2013 ,185(5) :3803-3817.

(10] #& W5, 9 M8, P04, A% R £ A6 SRR O35 A SRR 46 4 (18] BXMA, FE B, B A, 5.3 Bl L 2% S8 Al ) 46 45 16 7 0 2
ANERRITECL T R AEMOl K224 41] ,2012,40( 1) 2 1-5. TR B LT, b AR B B K 2% 2 iz, 2012,30 (3) -

[11] DUTTA S K, SRIVASTAV M, CHAUDHARY R, et al. Low tem- 105-107.
perature storage of mango ( Mangifera indica 1.) pollen [ J]. [19] BATOAS, P X BAMG , 55 JE R0 AR 76 i vk b [ )]
Scientia Horticulturae, 2013,161(2) :193-197. FE 4R 243 412, 2009, 25(24) :147-150.

[12] Fhggar W Esc, R HT, 46 BEAE0 B iR & e 8 A K R [20] SMITH-HUERTA N L, VASEK F C. Pollen longevity and stigma-
PERFSE L] . PR 37,2011, 31(1) ;64-71. pre-emption in Clarkia[ J]. American Journal of Botany, 1984 ,71

[13] 3k JH.JC T AR 28 fh AR 2o I 5 5 [ 20 WS 2% 44 S MR (9) :1183-1191.

(EEF 4 R) [11] % HLAES 600 Mg 5550 TRY S D] 3 M . G T

(4] % K T, EERE S WO R AL B BT AL I, 2016.

’ eIy T ” [12] VEEME, MG, MR SR, S0 SR SRR i H Ve ik R B CN
Tﬁlﬂl].‘ii?ﬁ,ﬂ{& 37(11) ='8]1']8“7~I 106148156 A[ P]. 2016.

(5] SRR KPR, s XU, 5536 MICRRLBCRSER ORI B 33y oy e i o e B L 8 1 SR 0 6 0 36 2
BHERYER PO )] RAMAL 224 (R ARFRERR) L2015, [ DB/OL ]. http://news. sina. com. cn/0/2015-07-02/
39(1) 193’98; ) 184932061953 shtml#,2015-07-02/2017-10-17.

[6] Eﬁ%&@,%%%,% FH , %:.NaCl HJ}:‘QX\J‘jciE% 5 1 MG i C14] X SN E A R R S T s
AR T AR B M RS2 e [ ] PEAEAE Y 4, 2005, 25 SMHTLI] AR A 2014, 30(25) :222-225.
fS) =i’“37'943‘- N o [15] Bt k30, Bk, A5 S 50 G R SR S0, R & I 1 40 2

(7] Ve e WP AR LIS [ D] 1858 B bl SABRA (1] 22 1991 18(1) .14,
HRlLAE, 2006. . [16] HEH B 3, 2R U I SRR B TR i RTFIE [ 1] A

(8] ﬁ%ﬁi,?ﬁ%@.rﬁﬁﬁﬁl%*Eﬁmﬁﬁbﬁ%[J],fﬁd‘l‘Iﬂ&'ﬂ% JEAAl . 2015( 1) 14146,

. iji;j:jf&*#ﬁlfoﬁ;%”(?):7;80.“~ e [17] 2B, BEsmE, BB AL, 25 R ) SRS X 21 & 135 SR8 b
%1% Iﬁé}ﬁmm G e T o 2 PRI B A O A AN 1] TEAEA 250 . 2006, 15(3) :171-174.

D] FRIAE, 2016, [18) ik, JA 5% SERE 45, 8 5 0 O LB WA 26

[10] 2B, L W, F &, % WS 5 R G S / F A

LI ELRF 2008, 41(6) :1742-1748.

Hr[1].A6J7bE 22,2015(13) :186-189.



