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Evaluating standards of some fruit quantitative traits of pear genetic re-

sources

ZHANG Ying, CAO Yufen’, TIAN Luming, DONG Xingguang, QI Dan, HUO Hongliang, XU Jiayu,
LIU Chao, WANG Lidong
(Research Institute of Pomology, Chinese Academy of Agricultural Sciences, Xingcheng 125100, Liaoning, China)

Abstract: [Objective] Among all the phenotypic traits of pear germplasm, the fruit traits are the most
valuable phenotypic characteristics that can determine the quality of pears and identify pear accessions.
Furthermore, they are essential for the classification of pear species. This study was to establish evaluat-
ing standards and provide reference cultivars for the evaluation of the fruit quantitative traits of pear ge-
netic resources, which could facilitate the information exchange and pear cultivar introduction and pro-
vided theoretical basis for the standardization of pear germplasm resources description. [Methods] The
data of nine fruit quantitative traits based on 570 pear accessions of 11 species and 114 bred cultivars
planted in the National Germplasm Repository of Pear (Xingcheng, China) were analyzed by
SPSS.19.0. The coefficient variation and skewness were calculated and the frequency distribution histo-
gram was drawn, including a normal curve. The nine fruit quantitative traits were graded and the refer-
ence cultivars were selected. [Results] The coefficient variation of titratable acidity was the largest
(128.43%); and that of soluble solids content was the smallest (13.67%). Therefore, the titratable acidity

could better reflect the difference between varieties, and the genetic characteristics of the soluble solids
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content were more stable. All the nine fruit quantitative traits were skewed normal distribution with the
highest skewness in titratable acidity (2.75) and the lowest in stalk length (0.13). The difference be-
tween the mean and median of the stalk thickness and flesh firmness were<<0.1, and the other traits
were =0.1, indicating that the data of the stalk thickness and flesh firmness were relatively concentrated
compared with the other seven traits. Based on the frequency distribution of the diversity, grade index
and reference cultivars were given by statistical data for pear description. The classification the nine
quantity characters of pear fruit was researched by isometric method. The stalk length and stalk thick-
ness were divided into 5 grades, indicated by 1, 3, 5, 7 and 9, respectively and the distribution frequen-
cy was over 40%. The fruit core size was divided into 4 grades, indicated by 1, 3, 5 and 7, respectively
and the distribution frequency was 70%. The stalk length had a certain effect on fruit setting rate, the
longer stalk length would have stronger wind resistance. The stalk thickness had a certain effect on fruit
enlargement, the thicker stalk thickness would be more conducive to the transportation of nutrients and
the fruit would be easier to expand. The fruit core size was one of the important traits affecting the edi-
ble rate, when the fruit core was small, the edible rate was higher. Due to the significant differences of
the fruit weight , fruit diameter, fruit length, flesh firmness, soluble solids content and titratable acidity
among the Oriental crispy pear, P. ussuriensis (Ussurian pear) and European pear, grades were made
separately. The coefficient variations of the fruit weight, fruit diameter and fruit length of European
pear were 40.54%, 14.50% and 20.85% larger than those of the Oriental crispy pear, Ussurian pear. And
the coefficient variations of the flesh firmness and soluble solids content of Ussurian pear were 26.46%
and 10.51% larger than those of the European pear and Oriental crispy pear. The coefficient variation of
titratable acidity of the Oriental crispy pear was 66.00% larger than that of the European pear and Ussu-
rian pear. The average coefficient of variation of the European pear, Oriental crispy pear and Ussurian
pear was 29.06%, 26.30% and 5.98% respectively. The average soluble solids content and titratable
acidity of Ussurian pear were higher (14.24% and 0.70%), than those of the European pear (13.51% and
0.30%), and those of the Oriental crispy pear (12.28% and 0.28%) in order. Weight per fruit, fruit diame-
ter and fruit length of Oriental crispy pear. The European pears were divided into 4 grades, indicated by
3,5, 7 and 9, respectively, and the distribution frequency was over 40%. The Ussurian pears were divid-
ed into 3 grades, indicated by 3, 5, 7, respectively and the distribution frequency was over 60%. The
flesh firmness was divided into 3 grades. The soluble solids content and titratable acidity were divided
into 5 grades. Two reference cultivars were selected for each grade of the single character, except for
the extreme characters. [Conclusion] The nine fruit quantitative traits of pear germplasm resources
were skewed normal distribution, which might be the result of long-term human selection. The mean
soluble solid content and titratable acidity of the soft pear (Ussurian pear and European pear) were high-
er than those the Oriental crispy pear. The nine fruit quantitative traits were classified by three different
grading methods according to the characteristics of each trait. The grading index system of the fruit
quantitative traits of pears was preliminarily built in this article which would provide reference for the
evaluation, description and data standardization of pears.
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Table 1 Variations of fruit quantitative traits of pear resources
PR HURAL B/ME mKME CFHE P REE A5 2K
Traits No. of resources Min Max Mean Median Skewness  Coefficient of variation/%
L5 B Mass of single fruit/g 570 0.80 49500 16435  165.09 0.30 52.98
JESERE4% Fruit diameter/cm 570 1.02 9.54 6.38 6.65  —0.97 22.42
FLSYMZ Fruit length/cm 570 1.05 12.63 6.45 6.59  -0.20 28.50
PR  Flesh firmness/(kg-cm™) 570 0.79 7.40 3.23 3.20 0.40 35.30
wCAT Y PEE ) 570 9.27 22.81 13.09 12.74 1.43 13.67
Soluble solids content/%
w(H[ % R Titratable acidity/% 570 0.04 4.20 0.55 0.30 2.75 128.43
JLL2 K/ Fruit core size/% 570 20.92 71.59 41.40 3992 0.83 20.54
S K Stalk length/cm 570 1.01 7.00 3.85 396 -0.13 28.80
FAFURLIE Stalk thickness/mm 570 0.68 4.93 2.60 2.55 0.47 20.05
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Table 2 Scale index and reference cultivars of stalk length and stalk thickness
ERTN Y AT NG AN Z: [ A
Traits Scale  Frequency/% Size Evaluation Reference cultivars
PSS 1 1.42 <1.5cm %% Extremely short  J#5[E 7 A% i Manyuanxiang, Butirra Rosata Morettini
Stalk length/em 5 18.15 1.5-3.0 cm % Short RS4RI Nanguoli, Plovdivska
5 50.53 3.0~4.5 cm HH Intermediate HIF . k #% & Shounan, Yuluxiang
7 27.76 4.5~6.0 cm K Long #1120 T 5L 1% Weishan Hongxueli, Yali
9 2.14 =6.0 cm %4 Extremely long #5 LA . T 1€ Huangxian Changba, Xuehua
FRE 1 3.20 <2.0 mm %2 Extremely fine 5 A AL KA R Jingbaili, Changbasu
Stalk thickness/mm 24.20 2.0~2.4 mm 41l Fine J\H & {£ KA Balixiang, Huachangba
5 41.46 2.4~2.8 mm i Intermediate #1120 T 5L %% Weishan Hongxueli, Anli
7 19.40 2.8~3.2 mm # Coarse % S IR 7 Yandang Xueli, Packham’s Triumph
9 11.74 =3.2 mm HHH Extremely coarse =28 41Kt Docteur Jules Guyot, Honghuoba

AT IRAET R4 FIA

Note: The lower value for every group belongs to the next group. The same below.
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Table 3 Scale index and reference cultivars of fruit core size

e PAgIiE ) ES PN LR ZH A

Grade Frequency/% Size Evaluation Reference cultivars

1 0.53 <1/4 %]\ Extremely small 7 AL 18 1w i 24 Puguali, Vereins Dechanstbirne

3 14.06 1/4~1/3 /I Small i =F iz 1L 2L Jinfeng, Dangshan Suli

5 72.24 1/3~1/2 1 Intermediate 4 )11 %5 AL B 544 Jinchuan Xueli, Nanguoli

7 13.17 1/2 K Big JUEFF 21 )\ BL ¥ Balixiang, Hongbalixiang
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Table 4 Variations of fruit quantitative traits of pear cultivars

PR TR BME B T PR WESTE BB R
Traits No. of resources Min Max  Mean Median Skewness Coefficient of variation/%
Ji A AL B 5L B Mass of single fruit of OCP/g 318 33.03 495.00 210.19 204.60 0.68  33.38
PEIEAL L B Mass of single fruit of EP/g 70 5275 356.60 169.50 175.65 030  40.54
FKF AL LT B Mass of single fruit of UP/g 53 3295 16695 79.43 7255 076 4042
Jifi P A AL S S 4% Fruit diameter of OCP/cm 318 379 954 715 715 -0.17 11.80
VOB R S 4% Fruit diameter of EP/cm 70 435 870 652 6.62 -0.34 14.50
KT B YL SR 4% Fruit diameter of UP/cm 53 3.83 6.64 521 518 0.14 14.05
i PO R AL SR 52 4% Fruit length of OCP/cm 318 380 1047 7.04 696 048 15.34
PHVESL I S0 4Z Fruit length of EP/cm 70 485 1263 813 814 0.07  20.85
K F LT SZY0Z Fruit length of UP/cm 53 3.35 627 467 463 027 15.15
Jife A 264 L 5 AR FE Flesh firmmess of OCP/(kg - cm™) 318 365 1280 692 664 090  22.16
PUEEALE AT Flesh firmness of EP/(kg-cm™) 70 1.37 574 344 342 024 2589
KT B WA FE Flesh firmness of UP/(kg-cm™) 53 2.33 879 470 454 098 2646
wUEPIRIAL AP D Soluble solids content of OCP/% 318 927 17.12 1228 1224 0.68 9.14
w(FEEEL A PR Soluble solids content of EP/% 70 1020 1644 13.51 13.62 -0.28 9.69
wOHK BT B TE4) Soluble solids content of UP/% 53 11.83  18.73 1424 14.05 0.89 10.51
w g LT 52 BR) Titratable acidity of OCP/% 318 0.04 1.16 028 023 178 66.00
w( TG FEALTT % E R Titratable acidity of EP/% 70 0.06 1.09 030 026 201 62.86
wAK AL E ) Titratable acidity of UP/% 53 0.16 143 070  0.64 0.36 4931
Jifs P B4 F- 15 Mean of OCP 26.30
V724715 Mean of EP 29.06
K21 Mean of UP 25.98

7:OCP. gAY ; UP. #k 744 EP. PHVESL.
Note: OCP. Oriental crispy pear; UP. Ussurian pear; EP. European pear.
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Table S Scale index and reference cultivars of weight per fruit
el i S i ES PN R Z: [l A
Type Grade Frequency/%  Size/g Evaluation Reference cultivar
Jife R B4 AL 3 1.89 <100.0 /N Small #82E fir ¥ 4L Edan, Taihuangli
Oriental crispy pear 5 44.03 100.0~200.0 "1 Intermediate 524 K 124 Yali, Qiubaili
7 43.40 200.0~300.0 X Big EAE 711 FREL Xuehua, Dangshan Suli
9 10.69 =300.0 K Extremely big i3 #% %5 %4 Manpoong, Cangxi Xueli
[liipeee) 3 16.44 <100.0 /N Small Rt RFIRT i Beurré Giffard, Ranna Bolyarska
European pear 5 50.68 100.0~200.0 1 Intermediate 21 AL B 1830 Red Clapp Favorite, Conference
7 30.14 200.0~300.0 K Big YR . —ZF Packham s Triumph, Docteur Jules Guyot
9 2.74 =300.0 WK Extremely big ~ Bl&4 408 Piaoli, Jana
AL 3 18.52 <50.0 /)N Small INEIK B # Xiaoxiangshui, Balixiang
Ussurian pear 5 68.52 50.0~120.0 ' Intermediate T 8L K7 /K Nanguoli, Daxiangshui
7 12.96 =120.0 K Big AR %3] Tingbaili, Anli
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Table 6 Scale index and reference cultivars of fruit diameter

Eit) i S it E KA P Z: I8 b
Type Grade  Frequency/%  Size/cm Evaluation Reference cultivars
i P LAY 3 2.20 <55 /N Small #52 E 744 Edan, Taihuangli
Oriental crispy pear 5 64.78 55~7.5  Intermediate AL K 15 5L Yali, Qiubaili
7 26.10 7.5~8.5 K Big L4435 =F Xuehua, Manpoong
9 6.92 =8.5 K Extremely big 2 BURR5E 4 1L Kuixing Make, Whasan
PHEERL 3 13.70 <55 /)N Small AR5 LA B ¥+ Beurré Giffard, Ranna Bolyarska
European pear 5 52.05 5.5~7.0 1 Intermediate 2L 5L 46 1 Red Clapp Favorite, Conference
7 31.51 7.0~8.5 K Big =Z JRFLIU Docteur Jules Guyot, Packham s Triumph
9 2.74 =85 %K Extremely big PIEL ALY Piaoli, Jana
TR 3 16.98 <45 /I Small /N KL )\ BLF Xiaoxiangshui, Balixiang
Ussurian pear 5 62.26 45~6.0 ' Intermediate AL K7 /K Nanguoli, Daxiangshui
7 20.75 =6.0 K Big 2 AZSL 28 Jingbaili, Anli

RT REIYESRIEFRRSRmT

Table 7 Scale index and reference cultivars of fruit length

ESit] IR S KA P S e
Type Grade Frequency/% Size/cm Evaluation Reference cultivars
Jifts Ay 214 A 3 472 <55 /]N Small K& 4% UHi /K Edan, Shinsui
Oriental crispy pear 5 44.97 5.5-7.0 1 Intermediate K %2 /K £ Qiubaili, Shuihongxiao
7 40.88 7.0~8.5 X Big 7111 BRZL 1924 Dangshan Suli, Yali
9 9.43 =8.5 K Extremely big £ 4EF . 451% 5 %4 Jinhuali, Cangxi Xueli
VEPERL 3 15.07 <6.0 /] Small 7% 25K \ ¥ Harozka, Bo
European pear 5 57.53 6.0~9.0 1 Intermediate ZLHGAL  RE A8 1 Red Clapp Favorite, Conference
7 20.55 9.0~11.0 K Big — 78 41 2 4! Docteur Jules Guyot, Bartlett - Max Red
9 6.85 =11.0 B K Extremely big  #lZ4 . [ (L4 Piaoli, Abbe Fetel
S 3 18.52 <4.0 /N Small /INEIK L J\HL 7 Xiaoxiangshui, Balixiang
Ussurian pear 5 68.52 4.0~5.5 tf Intermediate B9 AL, K7 /K Nanguoli, Daxiangshui
7 12.96 =55 K Big ARAEAL 5T AL Jianbali, Yaguangli
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Fig. 3

Frequency distribution of flesh firmness
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Table 8 Scale index and reference cultivars of flesh firmness

Bt o AR KA P ZHE A
Type Grade  Frequency/% Size/(kg-cm?) Evaluation Reference cultivars
i P L A 3 12.26 <5.0 i Low %11 R AL . & 75 7 Dangshan Suli, Yuluxiang
Oriental crispy pear 5 76.42 5.0~9.0 * Intermediate AL JKLL Y Xuehua, Shuihongxiao
7 11.32 =9.0 = Hign 2% Hp I I35 | 7R3 Suizhong Matihuang, Zimuli
PHEAL 3 4.11 <20 K Low % JeZL Wi # i Menie, Dobra Szara
Eyropean pear 5 71.23 2.0~4.0 i Intermediate 2154 . —Z= Red Clapp Favorite, Docteur Jules Guyot
7 24.66 =4.0 f5 Hign Wil T .5 2 Spalding, Harrow Sweet
S 3 7.55 <3.0 ik Low I H AL /N 7K Nanguoli, Xiaoxiangshui
Ussurian pear 5 81.13 3.0~6.0 ' Intermediate TR « 5¢ 134 Miansuan, Jingbaili
7 11.32 =6.0 7 Hign KT #H KT Qiuzi, Tiangiuzi
= 251
25 - 30-
201 25 s 15
201 o
g P S <10
> >15 v 9
M 210 5 2 B 2
K3 K 3 = E <
g - g s
25 £ > w
0 ] i v_l——_'_| 0 — | } I ] —— ! .
10.0 11.0 12.0 13.0 14.0 15.0 105 125 145 165 12.0 13.0 14.0 15.0 16.0
10.5 11.5 12.5 13.5 145 11.5 135 15.5 125 135 145 155 165
willfi A YA A A [ T4 w(PBPERL RV PE RS D wOK 7 ALV R 40D
Soluble solids content of Oriental Soluble solids content of European Soluble solids content of Ussurian
crispy pear/% pear/% pear/%
E4 mLAMEEISEMEST
Fig. 4 Frequency distribution of soluble solids content
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Table 9 Scale index and reference cultivars of soluble solids content
#l D AEEE K VR 2
Type Grade  Frequency/%  Size/% Evaluation Reference cultivars
i P R A 1 4.40 <10.5 WA Extremely low 25 B R 5% I B9 Kuixing Make, Shounan
Oriental crispy pear 5 18.55 10.5~11.5 & Low M 5 AL %592 % 51 Yanzhou Xueli, Cangxi Xueli
5 55.66 11.5~13.0 ' Intermediate 7111144 . %5 4€ Dangshan Suli, Xuchua
7 15.09 13.0~14.0 = Hign 7K EkZ4 Housui, Baozhuli
9 6.29 =14.0 M Extremely high i <E I ERAY Jinfeng, Jinsuli
[lipEd 1 4.11 <11.0 WA Extremely low LRFFT Wi L 5 1134 Ranna Bolyarska, Summer Blood Birne
European pear 3 16.44 11.0~12.5 {&Low AT 51 A HH LG B Damaliesi, Bunte Julibirne
5 40.03 12.5~14.0 ' Intermediate =Z= 417144 Docteur Jules Guyot, Red Clapp Favorite
7 33.94 14.0~15.5 1= Hign R FEf46 BT Beurré Giffard, Conference
9 5.48 =155 M Extremely high A5 i 3£ Allexandrine Douillard, Madame Verte
S 1 3.77 <12.0 WA Extremely low /NI OFELL E Xiaowuxiang, Huishanbai
Ussurian pear 3 18.87 12.0~13.0 {Low BT BT Qiuzi, Tiangiuzi
5 52.83 13.0~15.0 ' Intermediate BT AL K E K Tingbaili, Daxiangshui
7 13.21 15.0~16.0 = Hign ft.15 « %% Huagai, Anli
9 11.32 =16.0 W& Extremely high BSR4, )\ L4 Nanguoli, Balixiang
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TR 2 S R A E T EE S . AL
A A R A /N T 0.08% ) AL 08 R SR s KUk — A
R 0.08%~0.16% [ 55 Y S SRR — % Ay 7% il 5K
Elt 5 0.16%~0.40% 1 55 Y5 5 SRR — M N AR &
0.40%~0.88% [ B It 5 S XUk — M A TR , =0.88%
(1 T Y5 A R — TR« FEVEBL AT e IR & =/
T 0.18% 1 B Ui 5 sz KUk — M oy H i A BRE i
0.18%~0.48% 1) 5% Y5t 5 PR JRUR — FE A it R il Bl i

P8 5 0.48%~0.88% 1) 1% Ui S PRI AUk — F T it 3
1%, =0.88% 1) BE I AR R AR — AR . Ak AL 0T
ST TR 7 B <<0.25% (1) 9% 5 SR 52 KUk — % A i Bl R
Et 5 0.25%~0.35% (1) 7% Y5t 5 51 AR — R T i
P 5 0.35%~0.85% 1) % Ui 5 A UK — M 9 IR i Bl R
BUR » =0.85% M 5% Y 2R A UK — FROA B R B « 4%
AL B T i N B AL L T R AL A N
SPIHN (R 10D,

30 40 1 15 -
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2] g 2
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Titratable acidity of Oriental Titratable acidity of European pear/% Titratable acidity of Ussurian pear/%
crispy pear/%
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Fig. 5 Frequency distribution of titratable acidity
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Table 10 Scale index and reference cultivars of titratable acidity
K Y AR PN AN Z IR A
Type Grade  Frequency/%  Size/% Evaluation Reference cultivars
JifE A 75 AL 1 2.20 <0.08 A Extremely low M T 4L, 44634 Yanzhou Xueli, Jinhuali
Oriental crispy pear 3 24.53 0.08~0.16 1 Low £81 7711 BE3L Chili, Dangshan Suli
5 55.03 0.16~0.40 | Intermediate WRAL 2R Pingguoli, Baozhuli
7 16.98 0.40~0.88 & Hign 217 % 711 B i 3% Hongshaobang, Dangshan Matihuang
9 1.26 =0.88 o Extremely high  3%RZY . #5 Huangsuanli, Edan
Flicpe 1 2.74 <0.08 A Extremely low W R RS B Plovdivska, Etruska
European pear 3 19.18 0.08~0.18 ik Low JEARAE W1 UR 5 L4 Conference, Packham's Triumph
5 64.38 0.18~0.48 1 Intermediate LA £L 234 Red Clapp Favorite, Bartlett - Max Red
7 10.96 0.48~0.88 7 Hign W5 2 R 42 Harrow Sweet, Dekora
9 2.74 =0.88 B = Extremely high W EL% J it 78 Khabarovsk
KT 1 5.66 <0.25 A% Extremely low 5 FAZL D43 1L Jingbaili, Xingcheng Xiehuatian
Ussurian pear 3 13.21 0.25~035 1 Low KT - Reqiuzi, Zaomi
5 49.06 0.35~0.85 1 Intermediate R AL /N 7K Nanguoli, Xiaoxiangshui
7 22.64 0.85~1.25 fF Hign ZZ1 R Anli, Miansuan
9 9.43 =1.25 % & Extremely high A /\ B2 . 41 )\ H 7 Baibalixiang, Hongbalixiang

i
MO AR S 5R SEFRHEA% P FRE 2% 1 B T
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w

—MEBA FAAR A AR RN Z 5, L E R
PR it AR 250 R AL A A BRI, R B
BRI AR S R BOHUK , 1A% 2 R VR B
Xt 570 3 BRI O AN SR SEAEAR 73T A B, T E TR
RN S R EUR KON 128.43% , AT I [ R &
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