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Diversity of Fruit Quality of Local Pear Germplasm Resources in Guizhou
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Abstract: In order to understand the genetic diversity of local pear (Pyrus spp.) in Guizhou Province, thirty-
four germplasms were collected and their fruit qualities were observed for three years. Twelve indicators of fruit
quality were analyzed using principal component analysis (PCP) and Q-type cluster methods. The results showed
that there was significant difference among the 34 pear germplasms in all fruit quality traits except for edible rate,
demonstrating that pear germplasm resources in Guizhou have abundant genetic diversity. The principal component
analysis showed that the first five principal components accounted for 85.52%, respectively, indicating that the
contribution rate of fruit quality characters scattered and cumulative contribution rate was not obvious, and at the same
time showing that the variation of fruit qualities of pear resources have pleiotropy. Q-type cluster analysis showed
that Haizi pear-3 and Hulu pear cluster each, which revealed their unique quality characteristics. These would laid
foundation for development and utilization and variety selection of pear germplasm resources in Guizhou Province.
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Tablel Origin of pear germplasms

A Cultivar SKAEMLE Sampling place ¥ Longitude (E)  ZiJ¥ Latitude (N) 4K Altitude (m) A2 Maturity
TI4E%L-1 Piaoba pear-1 5B Qinglong Xian 105° 23’ 25°78' 961 8 J 1]
L2 Piaoba pear-2 MFEE Qinglong Xian 105° 33’ 25° 86’ 945 7 HpA)
PHEAL-3 Piaoba pear-3 5K EL Qinglong Xian 105° 20’ 25°51" 898 8 H A
BH{1%1-4 Piaoba pear-4 # 8 Pan Xian 104° 52 25°47' 1466 9 H Il
%41 Haizi pear-1 YT Xingyi City 105° 31 25°17' 1313 7 Hiha)
1342 Haizi pear-2 24 YT Xingyi City 104° 49’ 24° 13" 1161 8 HFA]
1 F%L-3 Haizi pear-3 M YT Xingyi City 104° 55' 24° 01" 1158 8 HFf]
F4%4-1 White pear-1 %)% 8- Anlong Xian 105° 27’ 25° 09’ 1358 9 H I-H)
F1%L-2 White pear-2 ¢ B Anlong Xian 105° 28’ 25° 09’ 1378 9 A If)
F1%L-3 White pear-3 =2 B Ceheng Xian 105° 40’ 25° 11 1059 9 Hrhh)
ZLCAAH 1) Unknow 1 22 B Pu’an Xian 105° 04/ 25°47' 1467 9 H )
ZLCAHT 2) Unknow 2 W= B Ceheng Xian 105° 41" 25°09' 1065 8 H Ay
FL(A 3) Unknow 3 pi=FH Zhenfeng Xian 105° 38’ 25°32' 1163 8 A
#R%4-1 Ma pear-1 % B Qinglong Xian 105° 33’ 25° 86 961 8 Hrhh]
JEEL-2 Ma pear-2 BT B Weining Xian 103° 48' 27° 00 2143 10 HHf)
T K AL-1 Qingpi pear-1 22 H Pu’an Xian 104° 54/ 25°47' 1441 9 Hhh)
F K AL-2 Qingpi pear-2 24 YT Xingyi City 104° 56/ 24° 56' 1123 8 HT Al
fbAHBL-1 Shatang pear-1 % B Anlong Xian 105° 28’ 25°09' 1378 8 A )
TP HEZL-2 Shatang pear-2 JIF = EL Ceheng Xian 105° 39’ 25°13' 1101 8 Hpf)
FEFEZL Chengtuo pear M YT Xingyi City 104° 55' 25°01 1167 9 HFA)
K #5%% Dahuang pear BT 5 Weining Xian 103° 48’ 27° 00’ 2143 10 H 4]
24 Dong pear % ¢ B Anlong Xian 105° 36/ 25°01' 1363 9 ArhA)
%L Gao pear 87" B Weining Xian 103° 48' 27° 00’ 2143 10 H )
2124 Hong pear 71E B Zhenfeng Xian 105° 38’ 25° 11" 1163 8 H Ay
#7784 Hulu pear #5777 Fuquan City 107° 30’ 26° 42 882 9 Hhh)
B {7 %Y Huangpi pear 2z B Pu’an Xian 104° 54 25° 46 1624 8 Hrpf]
4358 Tingai pear it = E. Ceheng Xian 105° 39’ 25° 13 1095 9 A Lf)
JUA %! Jiuyue pear J T L Weining Xian 103° 48’ 27° 00’ 2143 9 A 4]
53¢ %L Naijiang pear YT Xingyi City 104° 55' 25°01" 1167 9 Hrpf)
SR Pingguo pear B 2 Qinglong Xian 105° 20’ 25°52' 892 9 HFA]
% 114L Qingkou pear ZT Anshun City 105° 57 26° 1" 1303 8 T
%L Tang pear = B Ceheng Xian 105° 40’ 25° 11" 1059 9 Al
7K%Y Xiangshui pear kB Qinglong Xian 105° 33’ 25° 86’ 954 7 HTE
3L Xue pear % Jp 8- Anlong Xian 105° 27’ 25° 11 1300 8 J1 4]
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Fig. 1 Hulu pear (A) and Xue pear (B)
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Table 2 Quantitation character of pears fruits

Ve
=] : 0, 0, 0, 0,
i Cultivar FM (g) FL (cm)  FW (cm) FSI Ed (%) SSC (%) [mg(100g) ] TA (%) TSS (%) SAR
LEiEES| 190.93£101.70  7.32£1.79 6.74%1.19 1.08+0.11 89.43+£0.32 8.03+0.97 0.54+0.19 0.08+0.04 7.29+0.75 93.87+4.61
Piaoba pear-1
PHEAL-2 255.83£19.90  7.20+£0.20 7.90+0.44 0.91+0.06 91.23£1.03 10.10+0.96  0.75£0.27 0.15+0.07 6.77+0.70 51.98+4.25
Piaoba pear-2
A3 356.93+35.86  10.62+0.57 8.08+0.23 1.31+0.03 87.47+3.65 11.73+£0.71 0.61£0.28 0.21£0.02 8.61+0.61 41.51+£2.01
Piaoba pear-3
HHAY-4 219.40+2.02 9.20+0.28 7.15+0.04 1.29+0.05 93.03+0.31 10.55+0.87 0.28+0.00 0.17+0.02 10.37+0.50 61.12+10.07
Piaoba pear-4
MFF5L-1 339.57425.09  9.55+0.60 8.00+0.25 1.19+0.11 80.7£0.43 9.73+0.31  0.65+0.10 0.05+0.01 6.85+0.71 89.18+5.60
Haizi pear-1
52 227.33+7.09 8.63+£0.39 7.07+£0.22 1.224+0.09 77.63+£2.28 9.87+0.31 0.60+0.31 0.07+0.01 6.14+0.87 84.27+3.89
Haizi pear-2
A3 528.10£107.20 10.36+0.71 10.32+0.65 1.00+0.01 88.98+1.10 13.33+0.31  1.02+0.17 0.15+£0.01 8.90+0.91 59.35+3.41
Haizi pear-3
A1 230.90+33.66  8.53+0.24 7.61£0.68 1.28+0.21 91.80+3.34 10.93+£0.31  0.79+0.14 0.29+0.04 7.59+1.32 27.32+7.45
White pear-1
%42 134.20£30.26  6.31£0.36  6.28+0.60 1.00+0.04 84.00£0.76 9.53+0.15  0.53£0.02 0.33+£0.01 5.91+0.33 17.62+0.69
White pear-2
HAL-3 186.37£59.54  6.96+0.33  7.15+0.85 0.98+0.07 93.53£2.54 11.45+0.49 0.61=0.15 0.11£0.05 9.23+2.10 82.37+4.16
White pear-3
EUES:INY) 168.17+8.30 6.56£0.09 6.85+0.15 0.96+0.03 88.97+2.27 10.20£0.30  0.66£0.05 0.20+0.02 6.98+0.87 34.38+6.66
Unknow 1
BT 2) 351.20£31.85  10.49£1.29  7.96+0.69 1.34+0.28 91.60+0.85 13.77+0.31  1.94£0.19 0.29+0.03 9.49+0.30 32.68+2.03
Unknow 2
LR 3) 222.87+10.71 7.90+0.18 7.73+£0.02 1.02+0.02 89.90+0.56 11.27+0.15 0.97+0.02 0.12+0.01 8.45+0.54 71.27+11.13
Unknow 3
JRAL-1 104.17£17.19  5.38+0.53 6.09+0.35 0.89+0.06 86.70+0.10 9.03+0.12  1.05+0.03 0.15+0.05 6.25+1.04 43.98+8.01
Ma pear-1
JFRBL-2 320.93£75.81  7.96+0.68 8.39+0.65 0.95+0.04 90.53%1.68 11.33+0.21  0.63£0.14 0.23+0.03 8.01+0.33 34.81+4.25
Ma pear-2
AL 376.10£39.58  8.65+£0.50 9.05+0.55 0.96+0.01 94.10+1.10 10.83%0.15  0.69+0.19 0.13+£0.03 7.71+0.36 61.42+13.99
Qingpi pear-1
T HAL-2 322.33+45.88  9.14+£0.59 8.12+0.56 1.13+£0.14 80.99+2.33 10.90+0.36  1.95£0.04 0.09£0.01 5.75+0.56 64.91+0.36
Qingpi pear-2
WREARL-1 204.97£36.50  7.73+0.31 6.89+0.70 1.26+0.27 91.17+1.60 10.63+0.15  0.70+0.17 0.15+0.02 7.21+1.26 48.60+7.95
Shatang pear-1
hpERL-2 218.50+42.66  7.45+0.79 7.31+0.36 1.02+0.06 89.70+0.44 11.20+0.30  0.93+0.12 0.28+0.10 8.71%1.14 31.35+2.09
Shatang pear-2
FrRERL 247.27499.34  8.41£1.33 7.36+0.92 1.10+0.06 89.30+0.44 9.89+0.79  0.83+0.11 0.13+£0.06 9.53+1.01 73.30+8.82
Chengtuo pear
INES 220.83+£28.37  7.99+£0.69 7.58+0.12 1.02+0.07 89.33+£0.59 11.20+0.53  0.47+0.05 0.16+0.03 8.07+1.16 53.82+14.37
Dahuang pear
ES 116.7015.13  6.20£0.10 5.93+0.33 1.05+0.04 88.97+1.09 9.47+0.51 1.57+0.33 0.10+0.04 5.12+1.18 59.92+37.08
Dong pear
[ 209.27£23.72  7.49+0.55 7.27+0.49 1.03+0.04 87.00+0.66 11.57+0.40 0.62+0.15 0.23+£0.07 9.97+0.63 46.21£13.70
Gao pear
FaE) 276.97+3.72 7.84£0.06 8.10+0.11 0.96+0.01 91.60+0.30 12.00+0.20  0.73+0.04 0.19+0.03 9.44+0.30 51.13£7.62

Hong pear
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L= 0, 0 0 0,

il Cultivar FM (g) FL (cm)  FW (cm) FSI Ed (%) SSC (%) [mz(100g) TA (%) TSS (%) SAR
HirEAL 290.43+4.03  13.25+0.86 7.15£0.65 1.87+0.27 93.73£3.17 9.73£0.15  0.90£0.13 0.27+0.05 7.93£1.39 29.42+2.86
Hulu pear
A 236.93+1.23  8.97+0.40 7.32+0.02 1.23+£0.06 92.30+1.05 8.80£0.36  0.87£0.08 0.05+0.02 4.26+0.51 98.99+46.65
Huangpi pear
Gl 309.00+63.44  7.82+0.18 8.32+0.06 0.94+0.03 90.57+0.40 14.77+0.35 2.71£0.30 0.24+0.03 8.71+1.14 31.35+£2.09
Jingai pear
JLHAL 162.97£19.77 7.46+£0.45 6.53+0.34 1.14+0.03 89.00+2.10 10.73+1.78  0.65+0.08 0.13+0.03 6.40+0.50 52.37+16.72
Jiuyue pear
YU 107.97+#4.91  5.99+0.24 5.65+0.22 1.06+0.03 90.33+2.91 13.40+2.40 0.54+0.03 0.13+0.02 6.63+0.23 50.68+8.43
Naijiang pear
SRR 149.30£12.16  6.15£0.49 6.72+0.14 0.91+0.07 88.97+0.49 10.27+0.42 0.96+0.18 0.13+0.03 4.91+0.43 39.22+6.99
Pingguo pear
SaREs 273.63+8.93  9.10+0.04 7.89+0.07 1.16+0.02 94.00+0.82 12.65+1.05 0.89+0.02 0.10+0.01 8.63+0.15 84.16+10.13
Qingkou pear
i 2 305.10£63.75 8.51£0.84 8.47+0.35 1.00£0.06 89.60+2.66 11.30+0.10  0.78+0.05 0.13+0.00 10.13+0.08 78.59+1.11
Tang pear
i 7K 24 344.40£6.15  7.70£0.98 9.15+0.42 0.84+0.07 84.40+2.00 12.27£1.90 1.55+0.09 0.44£0.15 5.60+1.30 14.16£7.39
Xiangshui pear
HH 121.27£20.33  6.37£0.19 6.34%0.14 1.00£0.01 91.50+1.57 10.47+0.35 0.57+0.16 0.09+0.04 8.97+1.29 98.31£13.42
Xue pear
V) Mean 245.02492.14  8.09£1.59 7.48+0.98 1.09+0.19 89.18+3.84 10.7+1.59 0.9+£0.50 0.17+0.09 7.70+1.15 55.59+4.74
LS 37.6 19.61 13.1 17.51 4.3 14.89 55.54 55.23 29.26 66.54
Coefficient of
variation (%)

F 13.12%* 17.83%* 12.00%* 9.88** 1.57 10.59** 30.21%* 12.32%* 21.88%* 5.15%*

#%: p<0.01, FM: PR ; FL: SRR FW: SRachit

SAR: BEER L. T3,
*%: P<0.01. FM: Fruit mass; FL: Fruit length; FW: Fruit width; FSI: Fruit shape index; Ed: Edible rate; SSC: Soluble solids; TA: Titratable acidity;

%5

FSL: IEHREL; Ed: W B3, SSC: nlIAMEEIEY s TA: nIHERR; TS: nI¥HE

TSS: Total soluble sugar; SAR: Ratio of sugar to acid. The same is following Tables.

3 RSLAh S HEIRAR S S

Table 3 Correlation analysis of fruit quality traits

PR Trait ~ MD FS M FL FW FSI Ed SsC Ve TA TSS SAR
MD 1.00
FS -0.06 1.00
FM -0.25 0.12 1.00
FL -0.13 0.57#%  0.72%*  1.00
FW -022  -0.02 0.94%%  0.53%% 1,00
FSI 0.01 0.71%%  0.14 0.77+%  —0.11 1.00
Ed 0.25 0.09  —0.45% —0.15  —0.40% 0.15 1.00
SSC 0.11 -0.27 0.45%%  0.16 0.44%% 0,12 —0.24 1.00
Ve -0.18 -0.19 0.28 0.10 027  -0.07 -0.10 0.47**  1.00
TA 0.10 0.02 0.18 0.11 0.20 0.04 0.05 0.44%% 025 1.00
TSS 0.32 020  -0.09  —0.01 0.01 -0.02 0.42% 022  -030  -0.08 1.00
SAR -0.20 009  -020  —0.11 -0.16  —0.06 0.13  —0.55%% 027  —0.74%*  0.44% 1,00
*: P<0.05;**: P<0.01; MD: S ; FS: RITBIR .
*: P<0.05;**: P<0.01; MD: Maturity; FS: Fruit Shape.
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Table 4 Eigenvectors and percentages of accumulated contribution of principal components

F s PC FFF(H Eigen value BTk Contribution rate (%) Z35iHkR Cumulative contribution rate (%)
PC1 3.36 30.50 30.50
PC2 2.09 19.01 49.51
PC3 1.77 16.07 65.59
PC4 1.41 12.85 78.44
PCS 0.78 7.08 85.52

5 FURSRARAL B N 1 0 A

Table 5 Foctor loadings for fruit character variable of pears

AREL

i fif e Loading

SO HL
Variance PC1 PC1 PC3 PC4 PC5
B Maturity —0.118 —0.244 0.416 0.314 -0.382
LT Weight per fruit 0.460 0.285 -0.032 0.213 -0.0426
SRAZAAE Fruit length 0.324 0.436 0.348 -0.135 ~0.003
SRSLHEAE Fruit width 0.423 0.214 -0.110 0.393 -0.011
SIZAEEL Fruit shape index 0.075 0.329 0.514 —0.457 0.018
A Edible rate —0.265 -0.078 0.421 0.101 0.547
M EIE ) Soluble solids 0.373 -0.293 0.030 0.187 0.038
Ve 0.276 ~0.194 -0.123 ~0.065 0.697
Al E R Titratable acidity 0.255 ~0.386 0.316 0.026 0.036
P EBE Total soluble sugar —-0.202 0.196 0.285 0.626 0.138
R L Ratio of sugar to acid -0.306 0.445 -0.232 0.177 0.209
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(ER R AR WA Y AR R RSERAR ATn] : [
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T PC3 R AR W] S ALRR IR A 275 9 A
2 10 A Z ], B Al e s, 9 5 BHESL-4 (o
A1 RN TR T L2 PCA (H B R W T b
R, WIHRL PCS (R R W] Ve S il & R4

e, WA iAo

2.4 BT RFHREEXRBRSN

G 12 ANIRFEFR X 34 03 BLFD 598 U5 04T
QLR MHr(E 2). 45 HFI, Bt b )y BLFp
A4 IR EG 2 o0 1.53~7.63 5 76 RK G 1 8 D=6.10 AL,
34 A FPIFBE ST R 4 2 S — AR AL RRBE-1 .
A RUEE 29 b ST IR, AL ) R BERRAE Oy R
h1 100~350 g, TSR Y, FIE 5 B 4N
1.00, Ve 7 2 AT i 1R 7 BN, MR L3 = 5
o AL AR K EL FLCR A 2)F 4 55 AL AE 3 1 A
FTg R, % AR R 300~350 g, T
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Table 6 Factor scores for 34 pear germplasm

A M Scores S b M Score

Cultivar PCI1 PC2 PC3 PC4 PC5 Cultivar PC1 PC2 PC3 PC4  PCS
MEAL-1 Piaoba pear-1  —2.250  1.218 -0.897 —0.575  0.060 ||fPHAL-1 Shatang pear-1  —0.556  0.035  0.448 -0.958  0.168
BHUFL-2 Piaoba pear-2  —0.051  0.062 —1.403 —0.122  0.632 ||#P4H5L-2 Shatang pear-2 0433 —1.331  0.031 -0.337  0.255
HJEAL-3 Piaoba pear-3 2341 0.756  0.868 —1.275 —0.627 ||4%! Dong pear -0.954 0846 0520 0.857  0.011
%14 Piaoba pear-4 —0.933  0.817  2.039 0495 —0.491 ||&%! Gao pear ~0.543 -0.622 0.895 1.080 —1.251
1 FAL-1 Haizi pear-1 0.798 2590 -1.750 —1.331 -0.327 ||4L%! Hong pear -1.703 -1.521 -0.693 -1.386  0.617
#THL-2 Haizi pear2  —0.187  1.308 —1.382 —1.860 —1.197 ||#if%! Hulu pear —0486 -1.160 1.231 1473 -1.098
10 F7%L-3 Haizi pear-3 5377 1.636 —2.470 0943 —2.453 ||# %! Huangpi pear 0.434 -0.153 —0.039 1.267  0.368
FH%1-1 White pear-1 0.504 —0.658 1790 —0214 —0.192 ||4:3%%! Jingai pear 1424 2062 4546 -2.135  0.161
F4%1-2 White pear-2 -0.922 -2.353 0244 —0.904 -1.357 |[JLHZL Jiuyue pear —0.722 1469 —0.452 —1.650  0.443
F4%4-3 White pear-3 2464 0574 0231 1.671 0301 || Naijiang pear 2993 -2.454 -0237 0.874  2.326
ZLCRAI 1) Unknow-1  —1.038 —1.528  0.014 —0.019 —0.663 ||3E5%L Pingguo pear ~1.106 —0.695 0.324 —0.728 —-0.618
FLCRHN 2) Unknow-2 3323 -0.369 1402 —0.671  1.839 ||$5 1%L Qingkou pear —~1.589 -2.098  0.114 —0.480 —-0.548
FLCKRHN 3) Unknow-3  —0.571  0.820 —1.053  0.340  0.733 | [#%%! Tang pear ~1.149 —1.774 -0.823 —-0.614 -0.361
JHAL-1 Ma pear-1 ~1.924 —-1.688 —1.485 —1.020 0.180 ||W7K% Xiangshui pear  —1.547  2.768  0.500 1354  1.305
J#EBL-2 Ma pear-2 0.707 —0.886  0.957 1762 —1.050 ||Z5%4 Xue pear -0.067 1.178 —0.017 2.026  0.043
T M %4-1 Qingpi pear-1 ~ 0.894  0.660  0.181  1.652 —0.130 ||FFHEZY Chengtuo pear 3.496 —1.783 —1.182 0347  1.029
P EL2 Qingpi pear-2  1.848 0736 —1.263 —0.665  0.934 ||K#Z! Dahuang pear ~3.811 1539 —1.192 0.807 0.958
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FRGRRRI I RZ g TEz—, B
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5224

T[HUZBL-1 Piaoba pear-1
BL(KH0)-3 Narneless pear-3

H%4-3 White pear-3
EZL Xue pear

ZIEHL2 Piaoba pear-2
1% Hong pear

ibHE%L-1 Shatang pear-1
b #ERL2 Shatang pear-2

[ HL-1 Qingpi pear-1
$EZL Tang pear

H%L-2 White pear-2
BLKHD)-1 Narneless pear-1
FRE4-1 Ma pear-1

SEIR AL Pingguo pear

424 Dong pear
4% A Naijiang pear

o

FREL-2 Ma pear-2
KL Dahuang pear
%L Gao pear

JUA Z Jiuyue pear

T BL-4 Piaoba pear-4
FFRERL Chengtuo pear

H%L-1 White pear-1
# M%4 Qingkou pear

T 54-3 Piaoba pear-3
1§ T24-1 Haizi pear-1
13 T24-2 Haizi pear-2

[ 4 Huangpi pear

1 FL-2 Qingpi pear-2
BL(RH0)-2 Narneless pear-2

455 Jingai pear

17Kk %4 Xiangshui pear
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B AL Hulu pear
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|
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Pl 2 BRI T SRR R Q BURZE M A

Fig. 2 Q-style cluster diagram of 34 germplasms of pear based on morphological characters
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