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Comprehensive analysis and construction of evaluation model of fruit

quality of introduced pear varieties in Nyingchi City

YE Yanhui, WANG Xiu, LIU Yu, HAN Yanying', ZHANG Xizhe, TAO Jiang, ZHOU Yuliu
(Resources & Environment College, Tibet Agriculture & Animal Husbandry University, Nyingchi 860000, Xizang, China)

Abstract: [Objective] Nestled in the towering highlands of the Qinghai-Tibet Plateau, Tibet is a region
blessed with an extraordinary blend of geographical and climatic conditions that have nurtured an ex-
ceptional diversity of pear varieties. These varieties, renowned for their unique flavors, textures, and
adaptability to harsh environments, hold immense potential to contribute significantly to the local agri-
cultural economy and enhance the overall well-being of the region. However, the limited number of
pear varieties grown in Tibet restricts the range of products available to consumers. Additionally, subop-
timal production management practices, such as inadequate irrigation, fertilization, and pest manage-
ment, further constrain the yield and quality of pears in the region. The study aimed to evaluate the fruit
quality of nine pear varieties introduced from the other provinces in order to provide basis for the local

pear industry. [Methods) Nine pear varieties cultivated in Nyingchi were use d as materials. A compre-
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hensive evaluation was conducted on the cultivated pear varieties to assess their fruit quality traits.
Twelve crucial fruit quality indicators were selected for evaluation. To facilitate an in-depth analysis of
the data collected, a comprehensive quality evaluation model was developed. This model incorporated
techniques such as factor analysis, principal component analysis, linear regression analysis, and similari-
ty analysis to extract meaningful insights from the vast amount of data. The factor analysis was used to
identify the underlying factors that would drive variations in fruit quality traits among the different pear
varieties. By decomposing the total variance in fruit quality traits into a set of independent factors, the
factor analysis revealed the key factors that could contribute to the overall quality of pears. The princi-
pal component analysis was then applied to reduce the dimensionality of the data while retaining most
of the variation in fruit quality traits. By transforming the original variables into a new set of uncorrelat-
ed variables called principal components, the principal component analysis facilitated a more efficient
analysis of the data. The linear regression analysis was used to examine the relationships between the
fruit quality traits and potential explanatory variables such as variety, cultivation conditions, and harvest
time. This analysis provided insights into the factors that would influence fruit quality and identified op-
portunities for improvement in production management practices. Finally, the similarity analysis was
employed to assess the similarity and dissimilarity among the different pear varieties based on their fruit
quality traits. By comparing the profiles of the fruit quality traits among the different varieties, the simi-
larity analysis revealed the patterns and clusters that facilitated the classification and ranking of the pear
varieties. The comprehensive quality evaluation model served as a robust framework for categorizing
and ranking the pear varieties based on their overall quality scores. By integrating the insights from the
factor analysis, principal component analysis, linear regression analysis, and similarity analysis, the
model provided a holistic understanding of the strengths and weaknesses of each variety, enabling in-
formed decision-making in variety selection and cultivation strategies. [Results] A detailed analysis of
the results revealed substantial variations in fruit quality traits among the different varieties. Firstly, the
coefficient of variation (CV) for the fruit shape index was conspicuously high, indicating a broad spec-
trum of fruit shapes among the pear varieties. The variety of fruit shapes observed in this study would
highlight the potential for diversifying the local pear cultivation portfolio with varieties that offer a wid-
er range of products to consumers. In contrast to the fruit shape index, the CVs for the single fruit
weight, fruit firmness, titratable acid content, solid-acid ratio, and stone cell content exhibited moderate
variations. The CVs for fruit dimensions (both transverse and longitudinal diameters), core dimensions,
soluble solids, and vitamin C content were relatively low. The factor analysis revealed four primary fac-
tors that collectively explained 89.120% of the total variance in fruit quality traits among the pear variet-
ies. Each factor represented distinct characteristics that would contribute to the overall quality of pears,
including size, firmness, shape, and nutritional value. The identification of these underlying factors
would provide insights into the key attributes that might drive variations in fruit quality among the dif-
ferent pear varieties and enable targeted improvements in production management practices to enhance
fruit quality. The statistical analysis demonstrated significant differences among the pear varieties evalu-
ated in this study (R = 0.768, p = 0.001). In particular, Xinli No. 7 and Wanqiu Huang exhibited the
most notable disparities in terms of their fruit quality traits. This finding would highlight the importance
of variety selection in determining the overall quality and market appeal of pears produced in Tibet.
Based on the comprehensive quality evaluation model developed in this study, the nine pear varieties
were ranked in terms of their overall quality scores. Yuanhuang emerged as the top performer, followed

by Huashan and Cuiguan in descending order. In addition to the overall quality scores, the comprehen-
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sive quality evaluation model also revealed patterns and clusters among the different pear varieties

based on their fruit quality traits. The weight and transverse diameter emerged as crucial factors for vari-

ety classification based on a multidimensional trait analysis. These factors could be important indicators

of fruit size and shape, which might be crucial determinants of market appeal and consumer preferenc-

es. [Conclusion] The fruit quality of nine pear varieties were comprehensively evaluated and a evalua-

tion model was constructed which would provide a reference for the pear industry in Tibet.

Key words: Pear; Nyingchi; Fruit quality; Correlation analysis; Factor analysis; Principal component

analysis; Similarity analysis
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Table 2 Correlation analysis of fruit quality indexes of 9 pear cultivars

y , A .
4 4 7 N 4 H] Y N . N
o e RSB RS L RLEE R E i meg i
SE i B FE bR Joi . . R R P Loy N A
) . ) Fruit Fruit .. Core il i ER . Solid- C& & 2

Fruit quality Single . Fruit Core Titratable . .
. . transverse longitudinal transverse . Hardness Soluble . acid  Vitamin  Stone cell
indicators fruit . . shape . ratio . acid .

mass diameter  diameter index diameter solids content ratio  C content content

content

B 1
Single fruit mass
s 6 0.985%* 1
Fruit transverse
diameter
RStz 0.753%* 0.713* 1
Fruit longitudinal
diameter
R -0.444 0517 0.229 1
Fruit shape index
oo hift 0268 0.177 0.349 0215 1
Core transverse
diameter
P WY -0.662* —0.735*  -0.374 0.592* 0.534 1
Core ratio
T i -0.047 0.012 -0.211 -0.288 -0.127 -0.112 1
Hardness
AIVETEIE TR 0258  0.239 0.114 -0.188  0.439 0.090 0469 1
Gl
Soluble solids
content
AV E R B 0.808** 0.762%*  0.535 -0.401 0.258 -0.494 0350 0328 1
Titratable acid
content
[ % Lb -0.694* -0.698*  -0.516 0.368 0.131 0.722*% -0.364  —-0.031 -0.844** ]
Solid-acid ratio
gl RCHE 0.112  0.263 -0.115 -0.515 -0.381 -0470 0.432 -0.089 -0.036  -0.171 1
Vitamin C content
VeIl s -0.438 -0.398 -0.267 0.180 —0.295 0.101  0.722* 0.231 -0.096 -0.163 0.173 1

Stone cell content

TR RIRAE 0.01 KT BRI AN 7 FRIRAE 0.05 KT BB EAM

Note: “**” means extremely significant correlation at 0.01 level; “*” means significant correlation at 0.05 level.
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T RSEANIE IR T

G54 A R ME A B BB A b I 45 L ) GB/T
10650—2008 fif AL bR (1) £ K, 7R 58 1 AN A 1
o, IR R R AR SR SR A
VAT E N i U R R iR g S

AR PEEE, BRI SR CRES, s
BRI E 5 P DA FH 5 5 o 2 0 ] g b AR SR s
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1fhiR. TSR 4LE RE N 0.768, p 155 0.001 .
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Table 3 Common factor analysis of fruit quality indexes of 9 pear cultivars
S RIS R AT Common factor
Fruit quality indicators 7 5 £ fi
HL5L T i Single fruit mass 0.913 0.275 0.228 0.191
J 4% Fruit transverse diameter 0.849 0.287 0.274 0.326
B 4% Fruit longitudinal diameter 0.737 0.203 0.243 -0.525
JIBHEHL Fruit shape index -0.245 -0.094 -0.044 -0.924
HLL# 4% Core transverse diameter -0.177 -0.261 -0.920 0.026
HL0 L Core ratio 0.654 0.199 -0.610 0.336
T )% Hardness 0.115 -0.900 0.134 0.328
AL [ T4 2 B Soluble solids content 0.119 -0.328 0.796 0.244
A7 € 2 5 & Titratable acid content -0.903 0.285 -0.106 -0.109
[ 1 Lt Solid-acid ratio -0.864 0.340 0.324 0.047
4ELE 2 C & Vitamin C content 0.009 -0.204 0.059 0.610
141 i & & Stone cell content 0.133 0.934 0.065 0.063
HFAEAR Characteristic root 4.469 2.479 2.131 1.615
TTHAZ Contribution rate/% 37.240 20.658 17.760 13.462
By 2518k % Cumulative variance contribution rate/% 37.240 57.898 75.658 89.120
R=0.768 p=0.001
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Fig.1 Similarity analysis of 9 pear cultivars
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Fig. 2 Principal component analysis of 9 pear cultivars
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Fig. 3 The influence of traits on the variation of pear varieties



510 H7

W, 55 KT B HERL AR R SR BT O 23 E 0 BT S PR R TR Ay 3 2125

Ji ZE BRI 85% , A R TR B &= 2 Wi T
CEETPRTY, BRI, TRECRT 4 N AT IS (D, I
DL A BT 1 DTk 2 A, g 37 RS TR 25 A 15
Iy (F) B . F = (37.240 /1 + 20.658 /2 +
17.760%f3 + 13.462x/4)/89.120. HRIEIXAAY , 55
T 9N P R SE SR SR A A998, FEIRIRAS 2 2k AT
THRREHT . WNERATTUE N, &/ & T
NI AR PR S Y E GO E S R
T AORBHAIBE R 3% XF Lk 9 AL IR 4 S A A
T TR, B S 2 AN AR AT L B 24
ARF A IANAEFHEFIIE 2, R AW
10 B bR RILBON R BB 4N A HFALT 288, H
RILRBMEERCTENRIME. L1
M AT AN AN FHFES 1 2N AT
3 NAFFIIHFESS 5, UL 12 TS T 48 br
T 8 WU LA 7, 4 TR I R 4o 225 158 14
ARFHALT 3, 2N AR FHEFER 2, £ 3N
K 7R ER 4 A TR THE R 56 4, BT 8 10 SR S
JRERFR RAF. RS2 A TFHTAES 2,

1A AT MG 3 AT HEF RS 6, RWIH
SRSEH R A AR S R I R, RSEIR/NEL KR
B R BT s AR T2 4D A BT AESR 7, R
AR 4 E R C O BRIEE. VHEGHE 2L
A7 A5 44> o DR 7 HE P B 20 AL T 28 4 AN 3,
RUHAE AN RI R 1128 1A 1A
B3NN THP SR 3 RN TS 8, R W]
HAUSH S MatrRINE . Bl LS54 AR
THEFPAES 2, WM HAUE SR B 44 3R C & BT
R FHRRRIC R R, HEE 1A A P AR
2 AT P RS dh R AR . AR,
B3N T HF N 9, Ui WAL (RO R AR AN
PV TR A& B 2 TR SE fh SRR B . 22K
RIS 1A R 7 HEAE 5 447, 58 3 A A R T HE AR5
7,8 2 N T AR 4 AT 2 HEE SR 9, U B
FINAR TSR 6 BHRIRRIE . SR, R
6 TR R I LLKBHES 3 A T I HEFP LA
55 1, R WA OBAR AR EVE E E Y S R PR
K28 4N R AR 5, HA 1 2 TR b HL i

x4 IMHRMRILBANZINAEFRIMEEED

Table 4 Common factor scores and comprehensive scores of fruit quality of 9 pear cultivars

AFF1 AFTF2

ATSERK NHT4 Zaf

i e c e Herp Herp He . Herr
Cultivar ommon Sort Common Sort Common Sort Common Comprehensive Sort
factor 1 factor 2 factor 3 factor 4 score
HIH 4 Chuxialii 0.488 7 0.294 4 -0.077 8 0.239 3 0.293 5
[ %% Yuanhuang 1.137 2 1.202 1 0.409 2 -0.062 8 0.826 1
#1415 Zhongli No. 1 0.570 6 0.368 3 0.242 6 -0.059 7 0.363 4
37t Cuiguan 0.895 3 0.473 2 0.305 4 0.082 4 0.557 3
21 K FH Hongtaiyang 0.176 8 -0.220 8 0.579 1 0.080 5 0.150 8
#£111 Huashan 1.508 1 0.264 5 0.300 5 0.380 1 0.808 2
# Cuiyu 0.684 4 -0.528 9 0.186 7 -0.213 9 0.168 7
HiAL-L5 Xinli No. 7 0.575 5 -0.183 6 -0.141 9 0.281 2 0.212 6
i Bk 3% Wangiuhuang -0.656 9 -0.188 7 0.324 3 -0.047 6 -0.260 9

AR, FE 1A A AR 2 AN AT HER
N 8, AL E 1 8 TR AR B0 22 . BRAK I 20 1
MNARFHFES 9, B2 DA THEF RS 7,55 4
AT HEFPAE SR 6, U LA 35 (0 LS i AR A
Zo ORI, HH 3 AT HIHER AR 3, SR AR AN
VA TEE T & B dT . 25 L 25 RR I, 9 AN AL G Al
H [ S R IR A, FLUCR AL R RR e T I A B R E
7 G A M SE PR A KRR A LI .
AR5 CERL A i % Y0 A i R T R R A v D e
E VR ARAE BB VR 2 AL SR & PR AT

JREEE VP 5 53 R 10 43, ISR G VRAN
RIE 370, AR 2 75 iR 373, JGib BE 2 0 s AL 45
VRO R AR ISR 3 93, 2 7, KU
490, B 7. B2 ORI BRI IV i dfE
ARAED R R ARTERT # OE FE AR AT IR 7> (3R 5) ,
A SO RS AR I 9N AR TR 5 AR LR iR
AR B 0 HEAT T WHT 70 4 EL i A & Rt AT 10 7
W BEAT S . SRR 6 Fn B N AMNRE 5 a
PP TSR R ERHE R N B3 AL S AR
IS TIEEE T o= N SN A W LR 177
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Table 5 Sensory descriptors and their corresponding scores

MEZE (EiRES JoEE AR R TR LTS B

Score reference Color Finish Fleshy texture ~ Pulp type Juice Flavor Aroma

1~2 ez Gickic A b 12 (RRVAHE L JC B LF o) THJLT
Extremely  Rough Extremely Extremely  Sour (Strong sour taste, no or almost None or
poor rough little no sweetness) almost none

3 TR (A BRI  TE B LT TR R

Slightly sour (Slightly sour, no or almost
no sweetness)

4 7 il b FHR (R BR D
Poor Rough Little Sweet and sour (Less sweet, more sour)
5 hag BRAS B PR i P R R A 29D
Moderate Loose, tight Moderately sweet and sour (Equal
sweetness and sourness)
6 Hhsg el VT B i LT (R 2
Moderate Medium Sandy, Medium Sweet and sour (Less sour, more sweet)
7 I Good i crispy, soft g VR T SR L TR e
Fine Plenty Sweet (Slightly sweet, no or almost no Slightly
mildly sourness) aromatic
8 A CORAH 38 LT R &
Mildly sweet (Slightly sweet, no or Aromatic
almost no sourness)
9-10 Bkt i A i W HEGIRRE, ESULPRR  kE
Excellent Smooth Extremely Soft and Plenty Sweet (Strongly sweet, no or almost Strongly
fine melting no sourness) aromatic

®6 I M RRMRIAFRAEITNGES

Table 6 Sensory evaluation of fruit quality of nine pear cultivars

\ — N WGV
s LAV R R Wi [T BTERE
H Al 44 FR o Bk fiF J6ilifE Comprehensive ML K VR KWk A Comprehensive pren
. Single o . . . score of internal
Cultivar name fruit shape  Color  Finish evaluation of  Fleshy Pulp Juice Flavor Aroma evaluation of and external
mass appearance texture type meat quality senses
IEE 6.07 8.11 8.33 8.33 7.61 8.33 8.56 844 822 6.00 698 7.30
Chuxiali
3% 9.96 8.78 8.67 8.44 9.03 8.89 844 833 933 844 7064 8.34
Yuanhuang
CIES s 6.60 8.89 9.22 9.11 8.35 8.56 856 9.11 8.00 6.00 7.03 7.69
Zhongli No. 1
%56 Cuiguan 6.00 8.22 7.89 8.00 7.41 8.44 856 844 833 756 7.19 7.30
AW N 5.48 7.44 7.44 7.11 6.79 8.11 722 656 689 8.67 6.14 6.46
Hongtaiyang
4111 Huashan 8.24 8.56 8.00 8.11 8.21 8.33 833 833 811 6.00 6.88 7.55
%% Cuiyu 5.40 7.89 8.11 8.11 7.25 8.44 844 856 7778 6.00 6.82 7.04
WAt 391 844 889 833 719 9.00 889 878 8.67 6.67 736 7.28
Xinli No. 7
MRk B 3.89 756 722 711 627 6.56 633 756 656 600 5.78 6.03
Wangqiuhuang
, , 3Ly D AE S SR A LE it 5T 5 ) BSR4 R s
30w
* !

RANGRIG B AR S D RERR 7> 45 Forr, f L%
RS A P R AT TE R I EEN R, PPAPRSER/NE B AR Oy SR PR, B AT AEL
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