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Analysis of the phenotypic traits of 20 crabapple varieties (Malus spp.)
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Abstract: [Objective] The aim of the present experiment was to explore the fruit application value of
different crabapple varieties and make full use of crabapple resources. [Methods] With 20 crabapple va-
rieties in Zhengzhou as experimental materials, the fruit color of different varieties at the fruit ripening
stage was observed, and single fruit mass, fruit transverse diameter, fruit longitudinal diameter, volume,
soluble solid substances, titrated acid, vitamin C, peel hardness, flesh hardness and 15 other quality indi-
cators were determined. Comprehensive analysis and evaluation of fruits of different varieties were con-
ducted via cluster analysis and principal component analysis. [Results] Perfect Purple crabapple en-
tered the fruit ripening stage at the end of August, which was the earliest to enter the fruit ripening
stage. Profusion entered the final stage of fruit shedding at the latest stage, and its fruit hanging period
was the longest, reaching 232 days. Adams, Jewelcole, Indian Magic, Indian Summer, Golden Fairy,
Evereste and Royal Beauty fruits could hang on the tree until the following year. The fruit color upon
maturity is mostly red to varying degrees. The mass of 20 crabapple varieties was 0.47-7.86 g, the vol-
ume ranged from 0.42 to 6.67 mL, the fruit transverse diameter ranged from 9.46 to 24.91 mm, the fruit
longitudinal diameter ranged from 8.36 to 22.04 mm, the fruit shape index ranged from 0.78 to 1.05, the
length of the fruit stem ranged from 24.74 to 41.79 mm, the thickness of the fruit stem ranged from 0.53
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to 2.98 mm, the hardness of the peel ranged from 656.24 to 2 460.05 g, the fragility of the peel ranged
from 7.98-22.64 mm, the hardness of the flesh ranged from 331.60-2 390.27 g, the fragility of the flesh
ranged from 175.99 to 2143.17 mm, the soluble solids content ranged from 11.90% to 22.43%, the titrat-
able acid content ranged from 0.82% to 2.80%, the solid/acid ratio ranged from 0.32 to 16.00%, the vita-
min C contents ranged from 0.00 to 322.33 mg- g"'. The fruit phenotypes of the different crabapple vari-
eties varied significantly, with coefficients of variation ranging from 8.05% to 89.74%. Among them,
the single fruit mass had the largest coefficient of variation, whereas the fruit shape index had the small-
est coefficient. The cluster analysis revealed that at the European distance of 15, crabapple fruit can be
divided into four categories. The correlation analysis revealed that the longitudinal diameter of the fruit
was significantly and positively correlated with the fruit transverse diameter; the fruit volume was sig-
nificantly and positively correlated with the fruit transverse diameter and fruit longitudinal diameter;
the single fruit mass was significantly and positively correlated with the fruit transverse meridian, fruit
longitudinal diameter and fruit volume; the titratable acid content was negatively correlated with the
transverse diameter; the solid/acid ratio was significantly and negatively correlated with the titratable ac-
id content; the fruit peel fragility was significantly and positively correlated with the fruit transverse me-
ridian, fruit longitudinal diameter, fruit volume, and single fruit mass and negatively correlated with the
titratable acid content; the flesh hardness was significantly and positively correlated with the peel hard-
ness and significantly and negatively correlated with the fruit transverse diameter, fruit longitudinal di-
ameter, fruit volume, single fruit mass and fragility of the fruit peel; and the flesh fragility was signifi-
cantly and positively correlated with the flesh hardness. The five principal components were extracted
from the 15 quality indices of 20 different varieties, and the cumulative variance contributed 84.298%.
The characteristic value of PC1 was 6.226, and the contribution rate was 41.505%. The indicators with
large absolute values of the eigenvector were the fruit transverse diameter, fruit longitudinal diameter,
fruit volume and single fruit mass. PC1 mainly reflects the size, volume and mass of crabapple fruit.
The characteristic value of PC2 was 2.334, and the contribution rate was 15.558%. The indicators with
large absolute values of the eigenvectors were the solid/acid ratio, vitamin C content and titratable acid
content. PC2 mainly reflects the nutritional value and flavor of crabapple fruit. The characteristic value
of PC3 was 1.699, and the contribution rate was 11.328%. The indices with large absolute values of the
eigenvector were hardness and flesh fragility. PC3 mainly reflects the taste and texture of the crabapple
fruit. The characteristic value of PC4 was 1.357, and the contribution rate was 9.049%. The index with
large absolute values of the feature vector was the length of the stem and the thickness of the stem. The
characteristic value of PC5 was 1.029, the contribution rate was 6.857%, and the index with a large ab-
solute value of the eigenvector was the fruit shape index. Principal component analysis revealed that the
main factors affecting fruit quality were fruit size, the solid acid ratio and vitamin C content. [Conclu-
sion] Among the 20 crabapple varieties, Evereste, Royal Beauty, Indian Summer, Indian Magic, Jewel-
cole, Adams and Golden Fairy have a long fruit hanging period and can be used as fruit-ornamental vari-
eties. Eleyi, Selkirk, Evereste and other varieties possess the characteristics of large fruits and low peel
hardness and can be developed in the direction of fresh fruit consumption. Profusion and Rudolph have
a reasonable solid/acid ratio and high vitamin content, which are suitable for development toward edi-
ble fruit processing.
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Table 1 Names and numbers of 20 crabapple (Malus spp.) varieties

9T A AP 44 R 95 A AR 4R

Number Variety name Number Variety name
1 £ Profusion 11 F[J 25 22 J§ 77 Indian Magic
2 T Eleyi 12 FN%5 % 5 K Indian Summer
3 {1585 Perfect Purple 13 44 1% Golden Fairy
4 i f Sparkler 14 =7l Evereste
5 3R 2 /K Prairifire 15 78K Rudolph
6 W4 Adams 16 T # Cardinal
7 448 Donald Wyman 17 3% A\ Royal Beauty
8 FEJRA} Selkirk 18 %1t Floribunda
9 LR E Jewelcole 19 i %75 Show Time

10 E W 55 Royal Raindrop 20 T f Candymint
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Table 2 Observation of the phenological period of crabapple fruit in 2023

Y5 RE B AL TSI Ry P AR FE L R]
Number Variety name Fruit setting period  Fruit ripeness period Fruit shedding period Leaf fall period Bearing period/d

1 F- 4% Profusion 04-04 10-05 12-06 12-10 232

2 YT Eleyi 04-08 09-04 10-05 12-11 180

3 2458 3 Perfect Purple 04-01 08-27 11-02 12-04 215

4 #i 47 Sparkler 04-10 09-13 10-05 12-10 178

5 iR Z /K Prairifire 04-09 09-27 11-17 11-28 222

6 724 Adams 04-10 10-05 - 11-26 -

7 44F Donald Wyman 04-10 10-12 11-22 11-23 226

8 ZE/R R Selkirk 04-01 09-06 09-22 12-09 174

9 LI Bk Jewelcole 04-05 10-20 - 12-09 -
10 ELZ W & Royal Raindrop 04-09 09-15 11-15 11-23 220
11 EN %8 22 & 77 Indian Magic 04-06 10-21 - 11-20 -
12 EN %5 22 5 K Indian Summer 04-06 10-05 - 11-04 -
13 & i Golden Fairy 04-20 10-21 - 11-29 -
14 76 Evereste 04-08 10-12 - 12-11 -
15 .18 Rudolph 04-08 10-05 10-17 11-20 192
16 F# Cardinal 04-10 09-27 10-27 12-14 200
17 £ N\ Royal Beauty 04-04 10-05 - 12-06 -
18 £ 1¢ Floribunda 04-08 10-05 10-20 11-26 195
19 fif %75 Show Time 04-10 09-13 11-26 12-09 230
20 i Candymint 04-08 10-05 10-30 11-23 205

e HIRE R CH-ED s " RR RS R B
Note: Date format (month-day); “~” means that the fruit is not shed.
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The variety name number is shown Table 1.
1 BRRIEAHIRE

Fig. 1 Fruit color of crabapple fruit at ripening stage
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Fig.2 Color parameter of fruit color of crabapple fruit at ripening stage
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SR 3. RIS RILRE 28 F TR,
RS R R EHP IR 2 53 B R R
Ji 5 R SRR R SR SRR B R 35 IR A 9% 7T
i 8 IR B 5 SR S AR B B 3 SRR G, U R S
ARO[ 37 RS2, T S PR BB [T PR L 5 T
T R B R M O SR S e T SR s A R

AR R R B R ARG, 5 R
JE IR B R 3 SO O, U MR OR AR R S, SR e
B R T R PR BRI SRR R B A T
R IEM R, 5 RERE R RSP R
JoEE R BN B AR UM %, U B SR SR, SR A
TSR 5 R PAY G P8 5 SR PR E &2 = AT K

JSZ#4% Fruit transverse diameter ‘ ﬁ o @& ‘ ® o 1.0
WS40 4% Fruit longitudinal diameter | 0.95 ® O o ® o 0.
RIEFE 2L Fruit shape index [ -0.39 -0.085 ) o
JUf K Stem length [-0.053-0.053-0.030 :
MR Stem thickness |0.015 -0.024 -0.13 0.20 L 04
FYHRA Fruit volume | 0.98 0,93 -0.37 -0:11 0013 ® ® © o ")
PYLT i Single fruit mass | 0.98  0.94 -0.34 -0.097-0.0035 0.98 ® o :
A YE [ T4 4 & Soluble solid content [ -0:41 -042 0.0  0.15-0.0046-0:34 -0.38 ) L 0.0
W5 e 77 & Titratable acid content [-046 -0.37 0.35 -0.016 0.25 -0.39 040 034 ® o ® L s
[ Solid-acid ratio | 025 010 -043 015 -019 021 019 014 -0.85 :
%4 % C 4 & Vitamin C content [ -0-10 -0.098 0.064 0.12 -0.18 -0.14 -0.11 0.064 -0.42 0.43 -0.4
S i F Peel hardness | 030 -0.34 -0.037 0.3 -0:25 -0.31 -0.29 -0:11 0.055 -0.086 0.43 o 06
S itk Peel fragility [ 095 0.92 -0.30-33E-40.015 093 091 -042 -046 0.26 0.048 -0.14 ) '
LT Flesh hardness | 061 -0.64 0.073 019 -0.16 -0.60 -0.56 023 038 -020 0.15 079 -0.49 ® -0.8
AN Flesh fragility | 041 -036 025 0.23 015 -040 -0.38 013 033 -0.25 0085 043 -0.26 068 1o
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S S o Q S = S S = 154 5 £ 1 £
= g £ £ £ £ = = g o £ = &8 €<
2 = 3 & = 2 o © g = 3 8 4 a
5 £ =z 9w 2 £ @ I 5 s E & &= 2 £
z 5 2 B & x £ 2 2 4 5 5 = B I
g g = Moy g @A E e £ 5 0= w3
& g ® B = i S S 2 = 5 &
= 3] X = 2 A E= & » =
5 oz E R B og B o5 E @ % ® = E
=B B BK K m O ® K
Nal = = 3t = K ;
H X & &
ﬂﬁ = }\:]\é ?& ;}:H
® K o E =
) € =
=4

ZL AR 10 R IR S /NS T BRI AR DA G B EE 81, * 3R TR 0.05 7K-F 1 3B ARG,
The shades and magnitudes of red and blue are proportional to the calculated correlation (r), and * indicates significant correlation at the 0.05 level.
B3 AREIEEMAMARAIARSE MEERE XS

Fig.3 Correlation analysis of fruit quality indexes of different crabapple varieties at maturity stage
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X 20 ANAS R Ffr g 5 SRS 15 AN s e bR b AT
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F gy, BRI Z TR 9 84.298% . PC1 [ HRHE
149 6.226, Tk R 41.505% , 7 AL 1) B 40 5 i 55
PNGOEER VAR oM el S5 87 Rl Sy N AN 8 i
&, UL PC1 = B g Wi 5 B SR/ PR FRURI o
PC2 HIRFIEAE 4 2.334, TTHR %6 15.558% , FFAiE ] &
A GHE R FRbRONE R L AR 3 C & & vl i o
PR & B, Ui W PC2 =5 B S i 5 SR S E SR ANE
PC3 FIRFEE N 1.699 , DTk 3 11.328% , FFAiE ] &

YT E FER PIHE b A SR B A B2 SR PR 2 , 18 B PC3
T I W AR S SR 1B M s PC4 R R AE B A
1.357, TTHR N 9.049% , R AiE 1] & 26 6 {H B K I 48
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PC1+0.155 58xPC2+0.113 28xPC3+0.090 49xPC4+
0.068 57xPC5)/0.842 98, 44 BT 43 F 1) 54 32 Ak
I3 KA 15 AN b L A 0 g 2 SR S L AT 45
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NV S s . FEORBHGE S TR N 2416,
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Table 4 Principal component analysis of fruit phenotypic traits of different crabapple varieties

LS RS bR F A4 Principal component

Fruit quality index PC1 PC2 PC3 PC4 PC5

W 524 4% Fruit transverse diameter 0.972 -0.022 0.187 0.064 —0.004
FSYNFE Fruit longitudinal diameter 0.921 -0.143 0.232 -0.063 0.246
I 48] Fruit shape index -0.377 -0.304 0.058 -0.402 0.741
FAK E Stem length -0.118 0.229 0.159 0.689 0.370
JAFIAHLE Stem thickness -0.002 -0.405 0.018 0.697 -0.044
J524A R Fruit volume 0.953 -0.076 0.188 0.046 -0.014
B 5L & Single fruit mass 0.943 -0.064 0.222 0.023 0.006
T4 [ 52 )7 & Soluble solids content -0.430 0.019 -0.423 0.299 0.205
] §i% 72 B2 7 & Titratable acid content -0.571 -0.693 0.238 0.063 -0.010
[& & Lt Solid-acid ratio 0.346 0.756 ~0.443 0.195 0.001
k£ 2 C % & Vitamin C content -0.076 0.753 0.026 -0.095 0.365
R TH ¥ Peel hardness -0.416 0.528 0.638 -0.137 -0.180
R ek Peel fragility 0.905 0.084 0.330 0.065 0.109
HPIHE [ Flesh hardness -0.742 0.292 0.489 0.044 -0.182
A NETE Flesh fragility -0.548 0.063 0.556 0.241 0.165
FE{E Eigenvalues 6.226 2334 1.699 1.357 1.029
J7 ZE 5k ZE Contribution rate/% 41.505 15.558 11.328 9.049 6.857
ZFTT Z DT E Cumulative contribution rate/% 41.505 57.063 68.391 77.441 84.298

BERILIGRERS BT EEBSTRHF

Table 5 The principal component score, comprehensive score and ranking of crabapple fruit quality

A &2 R %519 50E Principal component score Y AEAN(F) HEF
Variety name Fl )2 3 F4 F5 Composite score  Ranking
YT Eleyi 5.75 -2.32 1.40 -0.16 0.31 2.19 1
FEIRFL Selkirk 438 1.02 0.15 2.07 -0.28 2.16 2
7% Evereste 437 1.96 1.38 -0.96 -0.51 2.15 3
2B Profusion 0.78 1.8 -0.71 0.36 -1.44 0.46 4
3% 7 Rudolph 1.34 0.38 -2.46 -0.74 -0.22 0.26 5
T# Cardinal 1.74 -1.46 -1.63 -0.44 -1.48 0.17 6
EN25 % 2 K Indian Summer 0.13 0.74 -0.96 -0.11 -0.28 0.03 7
24 Adams 0.06 -0.95 0.99 -1.35 1.86 0.00 8
E 53 A Royal Beauty 0.13 -1.24 0.82 -0.41 1.28 0.00 9
AL 585 Perfect Purple -0.63 0.14 -0.50 1.51 1.95 -0.02 10
244 Donald Wyman -1.55 2.48 0.34 0.78 0.91 -0.09 11
4 # 1 Golden Fairy -1.13 2.17 -0.35 0.30 0.68 -0.10 12
i %75 Show Time -1.78 1.24 0.80 0.28 0.13 -0.42 13
£i47 Sparkler -0.72 -0.69 -0.13 -0.56 0.24 -0.46 14
4L Bk Jewelcole -2.31 0.44 2.80 -0.64 -1.54 -0.74 15
1575 22 )i }7 Indian Magic -1.31 0.14 -1.43 -1.57 0.66 -0.78 16
HEfATHE Candymint -1.82 -2.79 0.00 3.17 -0.48 -0.94 17
% 1¢ Floribunda -1.41 -0.98 -2.07 -0.46 -0.28 -1.03 18
1 J5l2Z /K Prairifire -1.70 -1.93 0.58 -1.08 -0.49 -1.07 19
EL TN /4 Royal Raindrop -4.31 -0.14 0.99 0.01 -1.03 -1.77 20
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W2 B Euclidean distance
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I 5%75 Show Time 19
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Z 1% Floribunda 18

R 2 K Prairifire 5 |

ELZW & Royal Raindrop 10|
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£ N Royal Beauty 17,

EN %5 %2 85 71 Indian Magic 11 —l

TR Candymint 20

AN Eleyi 2

ZE/R B} Selkirk 8

T # Cardinal 16

H1l§ Evereste 14

=£ 3% Profusion 1

jE K Rudolph 15
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Fig. 4 Cluster map of crabapple varieties
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