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Synthetic evaluation of fruit quality of common pears(Pyrus communis L.)

based on principal component analysis in Yantai areas
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WANG Zhaolong’

("Yantai Academy of Agricultural Sciences Shandong Province, Yantai 265500, Shandong, China; * College of Life Science of Yantai Uni-
versity, Yantai 264005, Shandong, China)

Abstract: [ObjectivelPyrus communis L. is native to southern Europe and Asia and constitutes the vast
majority of pear production in U.S. and European countries. As the pear fruit develop on the tree, they
increase in size and accumulate starch. The fruit of most Pyrus communis L. cultivars do not ripen and
are not in good quality for fresh eating at harvest and need special treatment for ripening properly. Fruit
quality of Pyrus communis L. was divided into appearance quality and inner quality with different con-
tribution on fruit quality evaluation. The objective of this study was to establish a comprehensive evalu-
ation method for fruit quality of Pyrus communis L. and to classify the relationship among the indices
and to simplify the fruit quality evaluation factors. A reasonable evaluation of fruit quality is important
for breeding and selection. This study could also provide a theoretical basis for construction of better
quality and highly efficient orchard management. [Methods] The principal component analysis was a
multivariate statistical method, which not only retained most of the information, but also had strong rep-
resentative, to increase the credibility of the analysis. The principal components were independent of
each other, avoiding the repetition of information. Cluster analysis was to find out some specific statis-
tics that could measure the similarity between samples or indicators and divide some similarity degree
according to these statistics under the premise of no reduction of information. The experimental materi-
als were taken from the fruit tree resources nursery of Yantai Academy of Agricultural Sciences. Single

fruit mass, flesh firmness, fruit shape index, total soluble solid, soluble sugar content, titratable acidity,
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soluble sugar content/titratable and total soluble solid/titratable acidity of fruit quality were measured.
SPSS and Excel were used for the statistic analysis. Principal component analyses were performed with
SPSS software, and the typical indices were identified. The variance contribution rate of the first n fac-
tors extracted was taken as the weight, which the eigenvalue was greater than 1. The comprehensive
score of each sample was summed to obtain by the factor score and the corresponding weight. The 27
cultivars (Pyrus communis L.) were ranked according to the comprehensive scores. Furthermore, the
characters of fruit were further analyzed using systematic cluster analysis. [Results1The result showed
that the variation degrees of the main fruit characters of the 27 Pyrus communis L. varieties were differ-
ent. The variation coefficient of single fruit mass was the largest, while the coefficient variation of solu-
ble sugar content was the least. Related traits were classified and simplified. As a result, three factors
(eigenvalue> 1) were extracted from the converted data matrix, and the cumulative contribution approx-
imated to 82.054% .The first principal component contribution rate was 46.528%, including titratable
acidity, total soluble solids/titratable acidity and soluble sugar content/titratable acidity. The second prin-
cipal component contribution rate was 21.189%, including single fruit mass, flesh firmness. The third
principal component was total soluble solids, soluble sugar content and fruit index, with variance contri-
bution approached to 14.337%. The two-dimension scatter plots were analyzed according to the former
three principal components, which showed the distribution of fruit quality. The top three synthetical
score of the 27 cultivars based on the first factor were Alexandrine Douillard, Conference and Trapezi-
ca; the top three score of 27 cultivars based on the second factor was Packham's Triump, Eldorado and
Red Clapp Favorite; and the top three score of 27 cultivars based on the third factor was Abate Fetel,
Hardy and Madeleine. The rotated component matrix was obtained with ‘Quartimax’ method. The syn-
thetical scores were calculated through the former three principal component contribution proportions.
The synthetical score was accumulated sum of the factors’ score of each sample and the weight value
of each factor. According to principal component analysis we got the comprehensive scores of each cul-
tivar, the higher the score value the better the comprehensive character of fruit quality. The comprehen-
sive quality of Alexandrine Douillard performed best in this study, while the quality performance of Yu-
bileen Dar and Hardy ranked the last. The result of cluster analysis indicated that the 27 cultivars were
divided into four groups in the cluster analysis at a Eudlidean distance of 19.According to the cluster
analysis class II and class 11l were the best on fruit quality, class II included Alexandrine Douillard, Con-
ference, Zaojinxiang and Abate Fetel with higher soluble sugar content/titratable acidity, while class III
included Packham's Triump and Eldorado with bigger fruit weight. Class IV was Yubileen Dar, Radana
and Hardy with higher titratable acidity. Red ClappFavorite, Star, Bartlett, ClappFavorite, DocteurJules-
Guyot, Bartlett-MaxRed, Boliarska, Trapezica, Lecounte, unknown, Spalding, Chispe, RedAnjou, Ma-
ria, Bosc, Madeleine, Bunte Julibirne, Beurre Giffard were ranked class 1.[Conclusion]Through cluster
analysis, all varieties were classified more intuitively by the differences of fruit quality, so as to screen
out the varieties with good fruit quality. Principal component analysis combined with cluster analysis
evaluation was validated reliable, which could offer references for production. However, the level of a
certain index value could not completely determine the comprehensive quality of varieties. For exam-
ple, fruit color, fruit rust and other external indicators were also important factors affecting the quality
of Pyrus communis L. Only by further evaluation of other agronomic characters on the basis of quality
evaluation can we evaluate and screen the excellent varieties comprehensively with strong regional
adaptability and appropriate for popularization.

Key words: Pyrus communis L.; Fruit quality; Factor analysis; Cluster analysis; Comprehensive evaluation



1086 xOOMW

% 3R 36 %

VE B (Pyrus communis L) & 5 R T L5 4 1)
H FR Y R R 55 S R0 T RS YT r 2R DA 7Y i IV
X, RLE S5 WA, B2, ARHAE.
A NATEE KT R &, 19 SAE [ 7 R IZ
B g n, V8 AR AT YT oK. S R R IE
PEEAL 5] i i B X 2 — 0 b B FR B A R
U B S 2 A AR T 7 P AR T R S o )
R PIEER A E BT R, REL MBI S E
Feo e L G AE , BE A 2 0 TE VR AL R 2 R
A B S gt SO ) B R, R R A o A e ) T
LRy P G Yl s G od

F 85343 B R R A L4 i8R AR AL
W2 AR A D B R SR — MGt o i Ty
%X R SR bR e IR B JEA FR bR R B B B
FHESZBY, e T B AE B TR, RS X 4h
AL 3 fi B3R W R AT i@ 2, A5 [R5~ A0 Ji 465 3% e (] Y 5%
RHEAT B BC, AE R I R 7 B S bR S
v 45 SR B0 R, (A BAT B R AR, W 1 AT
(1 ANE N 555 i NS o5 Sl TN P T
A U RS BN T T A N . BB R
FRHEAE A ) 2 AN I A bR, FARHR H — Lepe i T
FE b A8 bR AR AR BE I S &, DL Be Gt ih & o
WA, T AE B B2 A0 R R o SR Oy — R34, I
TR TR T AR S ISR GV Tk B
2 MR TR ) B0 R T AR A 2 Rl R
B b (AR, 0 TR T 3 oy o ik 2
B B Mo R AL i 2R S PPN O ARE

P b, 2B LAl AR B & i AL R A B AT B
o B U ] ARG 27 43 D R A i A O ORI E
S5 TR B T R [E TR AT R
A E B R HE R LL | TR LL 8 TH G v A B
fa bR, B B 20 M 4R B IR 7 O BT AL R S v
FabR, X 27 DN VEVERL S BT AT S5 5 VR, 45 S An it
W HHRE R R 2K 0, K — A T VR BLUR 52 B
PR Z I G i DXV A AR A T2 8 BRI
Rt —E MHIRRIE NS .

1 AR5

1.1 ##

W FEA B A 1L AR 28 M0 & T A B =B AR
1E 2015—2016 4, 43 5l 75 5B i 24 191 51 4 A 724 1
S A PR A 20 A LSRR, i E] S0 5

KA 27 43 PG E AL SRR - ARBIBT R AR A
B CONMRPERL C REBEBRIE T CRINEL B i AL
SRR ALY AL BT 4T AL i
LA BT AR SRR R e
CTYRERE T L R T AR SR R
RAPERY Wi R IRZ R R GRED.
1.2 F&
12,1 RH 75 RS, T AN R A R 5 1 o
AN FEL 4 N 75 7 BB AL R A7 0 8 T AL 52 20 A, Ay [E]
I JCE T 4 CURFE R, A7 R 25 #4705 .
122 RFESMUZBRMZ  FFHETRPRRERSE
BT 5 i R AR R R R S ) A AR A
7%, YRR 12 2 LE RN I FE 308
123 RENRAME KR e RSl
JE 5 TR [ A = P R RS B 4T 0% A (Pocket
Pal-1, Atago, Japan) Wl i ; 2 i GB/12293-90 H i
A A R T (0 5 5 v WU S TR B R s T VA
Jel W FH JE PR B TR D 5 BRI S I % 3 UK R
. [ERR LA RT R E ) R S h E RR E R
FUAR R 7 TR LU FH R I P o B 5 P TR
AR
1.3 HW\LES5 54

I B B SPSS B A Ab PR, Dy 4 B 4 F1EK
T RE M, oF I E B 3 AT Ak B B KR S E
[0-1]2 18] o & B 45 R H Excel 70 A B AL 2

LR TR AR IR S o U G TR U200,

Uxj= (Xj-Xmin)/(Xmax-Xmin) , j=1, 2, 3...n
QD)

Horp, X R85 j AN FRAR I AE + X 0 8 AN Fil
J B 7G5 A AR AR IR B M s X 28 2B AN S5 F
NN

BGEIRERE W =P/, P, (2

For, RN A CE G AR TE T A L5 A 18 hr 1
R RIRLE P AR R 2 RS W7 T 1 % TR
Hj N GFE TR TTERER

LR R . O=V F +V,F,+V,F,,...,+V,F,

H, FoAE n AN TA555, V, A8 n AN T

2 R0

21 EERTI@EMRS

2015—2016 4F 43 5l %F 27 A 78 PE AL 5L sz 5 o 1k



8 ERLTME, 5 T A R 4 M B 6 R X G VR AL S N B 2R A VA 1087
F1 AFRER
Table 1 The resource of Pyrus communis L.
5 A R EE M SRARIR Ji 7
No. Cultivar Fruit growth period/d  Parents Origin
1 FRFIBT 7 Boliarska 53 AP Unknown R INF 7. Bulgaria
2 AR %4 Beurre Giffard 68 fHAR 5 A chance seedling ¥ France
3 /MR EEFL Madeleine 63 AN Unknown % & France
4 T EEFRIX Yubileen Dar 108 AP Unknown LRANFIE Bulgaria
5 JK TN £ & Bunte Julibirne 60 AP Unknown 1#[¥ Germany
6 215174 Red Clapp Favorite 100 HFLLL 0 ZEAR A red sport of Clapp Favorite 3% [H United States
7 =271 Docteur Jules Guyot 99 SEA A seedling selection V2 I® France
8 34 Bartlett 120 ¥ Unknown 2 [H England
9 #i44 Clapp Favorite 100 H 1H 41 x 2 2 Flemish BeautyxBartlett & [H United States
10 £t 32 LA Packham's Triumph 163 Z%Z Uvedale St.GermainxBartlett WK H] Australia
11 21 (144 Bartlett-Max Red 150 ELALLL {5 2E AR A red sport of Bartlett 22 [ United States
12 T 17 5 Bosc 144 AP Unknown Lt i Belgium
13 4142 A Red Anjou 130 LB HEAR A red sport of Anjou 3% [ United States
14 Fif (4% Abate Fetel 135 AP Unknown %[ France
15 IF A5 Alexandrine Douillard 160 ¥ Unknown ¥ Unknown
16 HIE T Radana 95 AP Unknown #7357 Czech Republic
17 .47 Zaojinxiang 115 A x =234 Al xiangxDocteur Jules Guyot i [E China
18 FTR 7. Maria 114 AP Unknown ANV Unknown
19 #T B2 T, Spalding 140 A Unknown A ¥ Unknown
20 B 3546 # Conference 142 SE22E A seedling of Leon Leclerc de Laval 2 [H England
21 RE{#E Lecounte 125 AN Unknown #[H China
22 55 I8 Chispe 129 AP Unknown ANV unknown
23 /NELGEE AL unknown 85 AN Unknown £ France
24 ¥ Star 101 AS¥f Unknown AP Unknown
25 WA Hardy 145 ¥ Unknown V2 [H France
26 /K 'K % Eldorado 130 AN¥f Unknown £RINFI I Bulgaria
27 5 Trapezica 76 A Unknown LR INF I Bulgaria

RIEAT P72 AW E V552 a AH QMR 17 3 1E
(Mean) o 415 2 iz , AN [E 44 RH ) [F] — P8R A7 76 B
BES. BRTE DA 69.3~388.7 ¢, FHIMEH N
186.7 g, % 57 RN 0.40, 5 5L & 5 K2 < 2K
IRZ MEEAGTE 1.2~4.8 kg-em?, T HIE 3.2 kg-cm?,
5 RAC 0.25, T B AR A2 PR AR s RIE e 5rE
1.05~1.91, BUBAREII K T 1,2 7 RECH 0.14: 1]
P [T W& & A TE 11.6%~15.0%, 7 3 15 N
13.2%, 2 5% R E0N 0.07, W E Y& B e i
N BT s W R 2 AT E 7.85%~9.60%
FI51H N 8.72% , A% 7 249 0.06: AT E IR BN
0.13%~0.26%, - %I{E N 0.20%, 25 53 2 ¥ N 0.14, AT
W R & e e R BEBR A B R L A A
31.40~58.50, V18 N 44.65, 48 5 Z KM 0.15 ; [ i
L6 o> A 75 44.61~91.25, “F31{E 4 67.98, 48 7 RECH
0.17.
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Table 2 Characteristics of pear fruit quality
MR E RIARE wCaTEME wATEMERD w(rTi FERRLL [ 1% L
i ol Average Flesh Fruit e Soluble ETRD Soluble sugar Total soluble
Cultivar fruit firmness shape Total soluble sugar Titratable content/Titratable solid/ Titratable
mass/g /(kg-cm™) index solid/% content/% acidity/%  acidity acidity
LR FIBA - Boliarska 71.2 3.5 1.23 12.5 8.51 0.18 4728 69.44
k%4 Beurre Giffard 69.3 22 1.29 13.6 9.06 0.19 47.68 71.58
MR EERL Madeleine 74.4 2.0 1.42 12.7 9.09 0.18 41.32 57.73
K EBEHRIX Yubileen Dar 181.2 3.8 1.14 11.6 8.72 0.26 33.64 44.61
JR TN 2L Bunte Julibirne 95.5 1.6 1.15 12.4 8.51 0.20 42.55 62.00
21 7i%4 Red Clapp Favorite 205.2 3.8 1.32 14.0 9.23 0.24 38.46 58.33
=241 Docteur Jules Guyot 186.7 3.5 13 12.9 9.01 0.18 50.06 71.67
%! Bartlett 202.3 3.6 1.34 13.5 9.11 0.20 45.55 67.5
#1i% Clapp Favorite 189.2 3.3 1.38 14.2 9.25 0.21 44.05 67.62
#1721 Packham's Triumph 355.0 4.8 1.20 15.0 9.60 0.19 50.53 78.95
41 124 Bartlett-Max Red 176.2 45 1.30 13.0 9.03 0.19 47.53 67.89
T840 5 Bosc 196.0 32 1.32 13.3 7.98 0.19 42.00 75.26
1.2 /A Red Anjou 189.6 4.0 131 12.7 8.15 0.20 40.75 63.89
Fi] B4 Abate Fetel 227.0 2.8 1.91 13.9 9.21 0.17 54.18 83.53
175 Alexandrine Douillard 215.6 2.9 1.29 14.2 9.06 0.16 58.50 91.25
$1ik 4 Radana 184.4 3.5 1.12 11.6 8.24 0.25 32.96 46.40
FL.47 Zaojinxiang 223.0 2.8 1.13 14.0 9.35 0.18 51.94 78.89
BRIV Maria 2182 3.1 1.28 11.6 8.53 0.20 42.65 58.00
2 T Spalding 210.0 3.1 1.16 12.9 8.69 0.20 45.74 67.89
i 3146 87 Conference 236.8 29 1.44 14.3 8.91 0.16 55.69 89.38
HEf8 Lecounte 164.2 32 1.05 12.2 8.15 0.18 45.28 67.78
F JE 3 Chispe 205.1 25 1.12 13.1 8.29 0.20 41.45 65.50
NG RL unknown 125.7 2.9 1.06 12.7 7.96 0.19 41.89 66.84
W4 Star 209.2 3.6 1.33 13.9 9.20 0.23 40.00 60.43
54X Hardy 165.9 1.2 1.55 12.7 7.85 0.25 31.40 50.80
K 5k % Eldorado 388.7 4.0 1.19 13.8 8.50 0.20 42.50 69.00
% Trapezica 743 32 1.38 12.7 8.01 0.16 50.06 79.38
“F-¥{H Mean 186.7 32 1.29 13.2 8.72 0.20 44.65 67.98
A5 53 Z4 Coefficient of variation  0.40 0.25 0.14 0.07 0.06 0.14 0.15 0.17
#=3 EEFOWMER
Table 3 Principal factor analysis of the indices . O,El
PEAR Wy1 Er2 T3
Character Factorl Factor2 Factor3 2 9
HULF & Single fruit mass 0.016 0.836 0.105 5 |
T Flesh firmness 0.050 0.807 0302 § 1 B S o
ESIZE 0087 -0.168  0.858 g BBl g
Fruit shape index b E]/ I !
AL ) 0.495 0.491 0.577 é’ 0~ 7,]] """"""""
Total soluble solid M D[I 5
[RGLET 0.227 0.555 0.504 _ o g
Soluble sugar content ?:;I -1 : D
A R -0.983 0.064 0.033 ¢ il ’
Titratable acidity - 3
R 0.946 0.147 0.201
Soluble sugar content/Titratable
R L 0948 0148 0238 3
Total soluble solid/Titratable acidity T 1 T f T T T
3 2 -1 0 1 2 3
FF{F{H Eigenvalue 3.722 1.695 1.147 %1 AT The first factor
A ITikE 46.528  67.717 82.054 1 %1, 2 0 NEF-%HFE

Total account/%

Fig. 1

Scatter plot based on the first and second factors
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Fig. 2 Scatter plot based on the first and third factors
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Table 4 The comprehensive score of pear

cultivars based on 4 former factors

G

b il F¥r1  BF2  HF3  Compre- #Hf#

Cultivar Factor]  Factor2 Factor3  hensive Rank
score

A 1.84120 0.32511 051444 122 1

Alexandrine Douillard

HEJRAE W Conference  1.564 15 0.055 68 0.73516  1.03 2

i LU 0.55320 2.70173 0.10047 1.03 3
Packham's Triumph

R (45 Abate Fetel — 0.82235 -0.29132 2.79386  0.88 4
R4 Zaojinxiang  0.968 47 0.51029 0.03020 0.69 5
=3 0.734 64 026849 0.01072 0.49 6

Docteur Jules Guyot

£ Trapezica 1.307 69 -1.407 28 -0.68535 0.26 7

/R %% Eldorado  -0.216 00 1.786 78 -0.55240 0.24 8
ZI AL 0.24137 0.71541 -0.47880 0.24 9
Bartlett-Max Red

41 Bartlett -0.069 43 0.53396 0.358 64 0.16 10
#iiZL Clapp Favorite  -0.292 99 0.50191 1.02660 0.14 11
T840 5 Bosc 0.23683 -0.24580 0.31983 0.13 12

TR AL Beurre Giffard 0.496 70 -1.081 72 0.55223  0.10 13

LRFBAT B+ 0.641 45 -0.798 64 -0.93490 -0.01 14
Boliarska

Hr T Spalding 0.091 86 0.137 14 -0.591 08 -0.02 15
FE4# Lecounte 0.53801 -0.46999 -1.778 71 -0.13 16
W% Star -0.980 83 0.87307 0.79893 -0.19 17
41% A Red Anjou ~ -0.277 84 0.113 54 -0.72251 -0.25 18
3% 3% Chispe -0.098 46 -0.333 77 -0.66576 -0.26 19
AT S -1.249 65 1.05947 0.83057 -029 20
Red Clapp Favorite

NG RL 0.27779 -0.818 88 -1.48582 -0.31 21
Unknown

FYTN ¥ Maria -0.456 45 -0.21882 -0.63261 -043 22
ST LE A -0.085 59 -1.55574 -0.353 80 -0.51 23

Bunte Julibirne
/MREEFL Madeleine  -0.780 51 -1.25496 1.139 64 -0.57 24

T EEBRIA -2.03999 0.49978 -0.75717 -1.16 25
Yubileen Dar

1 iL Y Radana -1.804 00 0.087 02 -1.09137 -1.19 26
54 Hardy -1.963 97 -1.69249 1.51900 -1.29 27

A1 15 DL AT DURE i R A A 25 B 5 04T 23 28, B
B 1A A PG R ARSI B AE T 3 A 32 Ry ) A
NV

ASHITFURE 27 473 P A SR S 5 IR TR 8 A it 5
6 % 161 A Ji 3 AN AR O BT IR 25 B MR B R, 2 JE AR
6 3 A ER A T b AR O T Rk 5 SK S AR B A SR pR
B P 3SR TR BB E BEAT AL, 72 2 W B
SR 5 ANIR] bRl RS R I ZR A R R DL T 2R
PP E R — A TE R A Al {5 A R R SE
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Fig. 3 Dendrogram of 27 germplasms of Pyrus communis L.based on fruit quality
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