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Abstract: In order to understand the diversity of sepal traits in different pear germplasm resources and analyze

the effect of sepals on fruit appearance, the diversity analysis, correlation analysis and cluster analysis of
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sepal-related traits of 200 pear germplasm resources were carried out in this study. The results showed that the
number of pear germplasm resources with extremely high and low calyx abscission rates was significantly higher
than that in other groups, and the number of germplasm resources with different calyx abscission rates showed a
U-shaped distribution. For the germplasm resources of sepal abscission, the sepal development process was divided
into three stages: before the formation of abscission zone (2-4 days after flowering), during the formation period of
abscission zone (5-7 days after flowering), and after the formation of abscission zone (8-10 days after flowering).
Among the germplasm resources of persistent calyx and residue calyx, the calyx was mainly exhibited
“aggregation” and “upright” posture. In Oriental Pear, calyx-shed fruit generally has no calyx convex, and the calyx
convex on the persistent calyx fruit mostly affects the fruit shape. Phenotypic measurement, data analysis and
comprehensive evaluation of sepals showed that the thickness and area of sepals varied greatly among different
germplasm resources, but had no direct effect on fruit shape. In European Pear, sepals are generally thin and small,
and have little effect on fruit shape. The analysis results of sepal persistence on the abnormal fruit showed that 33
varieties of persistent calyx had different degrees of abnormal fruit. The abnormal fruit of persistent calyx fruit
mainly included two types: oblique fruit and protruding calyx fruit, while the abnormal fruit in residual calyx fruit
was oblique fruit, indicating that the existence of sepal would affect the fruit shape to a certain extent, but it was not
the only factor. Correlation analysis showed that the calyx abscission rates were significantly negatively correlated
with the calyx convexity, the higher the calyx abscission rates, the less obvious of the calyx convexity. The 200
pear germplasm resources were mainly divided into four categories by cluster analysis, with calyx shedding rate as
the main feature (80.7 % - 100.0 %, 16.6 % - 40.2 %, 45.5 % - 78.5 %, 0.00 % - 11.9 %). The results provide an

important reference for the utilization of pear germplasm resources and variety breeding.

Key words: Pear; sepals; fruit quality; calyx abscission rate
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Tablel Sepal traits and assignment

PEAR Tt 1

Traits Assignment

=RA CS 1=fi&, 2=1647 AT

A CP 1=R4E, 2=H3r, 3=JF5k, 4=%&/H5L, S=RG/ITK, 6=HIL/IF5k
EALNE 1=k, 2=

=B R FEEE EOCCOFS I=%, 2="P4F, 3=/

CS: Calyx state; CP: Calyx posture; CC: calyx convex; EOCCOFS: Effect of calyx convex on fruit shape; The same as below
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Table 2 Grading standard of sepal traits

PR 4% Grading
Traits
1 2 3
W EE ST ## Thin HH4E Medium J& Thickness
T<0.3 T>0.3~0.5 T>0.5
R CA /N Small HH4 Medium X Big
$<9.0 $>9.0~15.0 $>15.0

ST: Sepal thickness; CA:calyx area; The same as below
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A-D : ZATRE CERBRE HRAENSE; E-H: FHEA CERAEE TRAENSE. AL E: BXBWKE, B, F: BXELN, C. D. G. H:
BB
A-D: Hongsumi (shedding) sepal development dynamic diagrams; E-H : Danxiahong (persistent) sepal development dynamic diagrams. A\ E : before the

formation of the abscission zone, B+ F : the formation period of the abscission zone, C. D. G. H: after the formation of the abscission zone
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Fig. 1 Dynamics of sepal development
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Fig. 2 Frequency distribution of calyx abscission rate
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Table 3 Variation analysis of sepal thickness and area
=R i ON: 1 RAME FHME b2 BRRE (%6
Sepal traits Max. Min. Mean SD cv
SRJERE (mm) ST 1.28 0.17 0.43 0.13 30.23%
SR (mm?) CA 21.70 5.73 12.80 3.04 23.75%

® 4 BOSRMRERNE R MERNE

Table 4 Determination of sepal traits of some germplasm resources

Fp T HRRA R TR T R R R R
Species Variety CP ST CA EOCCOFS

SE JE IR i AL RA&/HA 0.45 11.49 2
P. bretshneideri Rehd. LTS BEiL 0.43 9.28 1
Al ®H 0.35 14.09 1
AR FL RE 0.35 10.80 1
SNER ®e 0.36 12.04 1
EANIIES JEWA 0.45 7.92 2



Tkt BOL/TFk 0.44 9.42

NS R4/ Ik 0.38 14.62

PE R AL p2y 0.56 15.70

[ 8t P sy 0.36 14.87

rFR i Frak 0.32 6.72
P.ussuriensis Max. AR S RE 0.37 12.58
J\ B ik 0.40 6.70

T R4/ HAL 0.54 15.65

g Ra/ Tk 0.33 8.87

) 1 p2y 0.32 5.73
Ppyrifolia Nakai HR JEA 0.27 8.53
FH R 0.34 11.89

=AeE RA/HA 0.29 16.05

BIEER RE/BAL 0.33 9.10

—EA P ey 0.32 11.19

ivia BT 0.26 12.38

WHE BOL/TFk 0.27 8.09

HraEad B ERL Frik 0.17 10.39
P, sinkiangensis Yii FEy HAr 0.53 16.78
AR AR R 0.55 8.59

FEIRAE JEA 0.38 11.05

[ifizes p 3y 0.53 11.47

FASHTE W HHLE 8 P sy 0.64 9.81
Hybrid breeding varieties Tk HAr 0.40 10.91
R R&/HAL 0.52 17.77

T3 P sy 0.40 11.60

LIk p 2y 0.35 9.44

AR R&/HAL 0.35 16.58

eSS JEA 0.24 9.33

T LR RE 0.53 13.20

VAVEEAN P ey 0.35 11.44

FHEALL R®E 0.36 10.74

LR R&/HAL 1.28 20.03

WA TS R 0.42 11.24

R P sy 0.35 16.92

KA RE/BAL 0.35 13.96

WAl e 5 RE 0.34 13.15

ENLS P sy 0.55 21.74

RS HiL 0.65 15.02

&H P sy 0.36 9.292

UIEON R 0.32 6.49

HE 65 P ey 0.53 11.67

E Frik 0.36 15.25

7Kl I P sy 0.44 13.93
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A: Calyx convex frequency distribution diagram; B : Effect of calyx convex on fruit shape distribution diagram
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Fig. 5 Calyx convex analysis of pear germplasm resources

A: MEERAL B: K C: VEIhRl D: diR
A: Xinglong Mali; B: Miwhang; C: Luding Maogongli; D: Zhongcui
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Fig. 6 Representative germplasm resources of calyx convex evaluation
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CPF: Calyx-persistence fruit; CRF: Calyx-residue fruit; The same as below
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Fig. 7 Representative germplasm resources of abnormal fruit
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Table 5 The abnormal fruit rate of 33 pear germplasm resources with persistent calyx fruit and residual calyx fruit

5 SFh4 Jii % 5 CSF 15 3 CPF B IR CRF
No. variety name FHHEZE (%) FSR FHEZE (%) FSR REHR (%) FPR REE (%) FSR
1 FEIREERL 15 45.00 55.00 40

2 SNER 10 55.00 35.00 20

3 AL 5 20.00 0.00 10

4 Ngl—%5 15 50.00 5.00 20

5 WEZ R 20 50.00 10.00 30

6 Betel 10 70.00 20.00 30

7 Kk 20 20.00 70.00 25

8 )l 5 50.00 0.00 10

9 FH 15 14.29 14.29 45

10 R 10 323 12.90 10

11 [ 35 10 6.25 12.50 20

12 FK 15 18.37 8.16 65

13 R 30 25.00 30.00 70



14 Valliped 25 21.43 32.14 70

15 HELR 8 70 17.81 4.11 85
16 SAEH 2 10 40.00 60.00 15
17 Rid 10 15.79 2.63 10
18 AR 40 70.00 30.00 65
19 AN 10 20.00 30.00 20
20 LK 20 25.00 75.00 35
21 0803 10 25.00 0.00 10
22 NN 20 9.09 11.36 60
23 BN 30 80.00 20.00 70
24 v 10 9.68 45.16 65
25 FLLES 45 36.36 45.45 45
26 o1 15 50.00 30.00 30
27 HIE 10 50.00 40.00 30
28 NS 10 50.00 10.00 25
29 95-7-1 10 0.00 70.00 10
30 K 15 7.14 20.00 15
31 HIBk 15 70.00 30.00 30
32 412 15 33.33 58.33 35
33 JELT 15 6.00 50.00 20

CSF: calyx-shedding fruit; FSR: Fruit slope rate; FPR: Fruit protrusion rate
2.5 NEIBRIRERERE A IR ERE R M 47

PR FEA AN FPEAR A A FLOG AR, RIS S A R R TSR A TG [ A R
VEREAT /00T (B &) SRR, AR 58N EREAMK (P<0.01), MXRHCN-031, BIEARHS,
ORI Sy R A AR R (P<<0.01), AHRRHCH 032, HISEAEIE, AR,
(R A7 AE — SRR AR R BER, 0 CHI7, DU, AL, CRTRRRTAEET, CHIERAL R SR
S, H A IEABE AR SR TR K

1.0
BREZE CAR *k 0.80
0.60
ERESCP 0.40
0.20
EREE ST *hk 0.0
-0.20
ZEHEMACA -0.40
-0.60
EMCC -0.80
-1.0

3 3 < hat
» S S J
s & & &
b %ﬁ} Q\@ %@
® £ £
*, ok, Rk RIICRAE P<0.05, P<0.01 Fl P<0.001 7KF 5% %5
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Fig. 8 Correlation analysis of different traits of sepals and calyx convex in pears

2.6 ETFERRSHELES

PR FRAS, SRR SRR T R (B 9. S5 RRE, 200 4 B4R i T I B 0l 4 AN
B, Hor, ZEIEHFOUHE 85 AP BT BT YR, 5 A 1 42.5%, 2 SEHEM 0T B IR ) R SE IR AR 80.7% ~
100.0%, Ferb 74 B0, HASIEERER 87.1%: WA=,

SEUEHE: B 19 MFR IR, HATIRAM 1 9.5%, ZIEERR R TR RSB E N 16.6%~40.2%,
EREAU B ONE, EREE. RSN T, ENSREREmELL K7 hE.

SEIREE: A5 24 R FEVR, (5 &AM 1 12.0%, 2SRRI SR 0 SRS 2 %08 45.5%~78.5%,
LRHEEU “RKE” BCCHIL OAE, ERERE. WY R, ENRIE R, AR 3, =
WAFLERA I AL, G0 CZFBR, M R “ 7

OV R AE 72 MR, ST 36%, 1ZZREERT TIR I RSN 0.00%~11.9%,
Ho 71 BRI A G 2, AR IIRAEI 98.6%. HHEAL “BKE” AE, HRHIEE. mALN “h%E7,
S R R R DL AR A, AT Rz, T s AUE L, 2 R

KIS, 4 DBBRZLR S FOREERSRHE ERDH B K ZE R, WA RE. EHEESEMIRS
ANRPBAESEN. M. IV REEh S H R



2 % ) 2 g o0
% %y 2 % oz 2 223 _22 8 2 g
%% % % %23 95%3%310F_ =253
%% % 0% 2232323585655 3528
9 +7y =, % 292 8%z 22 L s S
%, U, % s SRS B TRE X
./,)/}’ 2 ey %% %'3-7(,“;’0“\2‘\9% g}:\'\?&\“"l I o o BN S
-5 2 % o A8 9E T
Yy o, % 25, AR LR
I P
‘?9 l_% 0’,52\(\/%, AN %‘%{%
& 5 2, 0. %" S
%, £,7 %f‘ \@? %@%\Q &
7 W, S, SRR
T, 2.V, N %9 S
S /"4//3/ 3 Z@&‘é\
By = Gy 10, @x\-@;ﬁf&
S TR 1,8 S g
B 1 il %) S S SO
BRE o Kot % C L EREYE
3y a0V ¥, R (@B e?
% O‘ Whold 15 2ay,00 R o e
Bl Os, og Wadli %‘)‘- 300 e
245:C0, Vi ke, R1e 3 W o Ay
EH R Viechssop | 2 %ﬁ“\“\“\
g oS flnsg R o
X ;f.))g ZZI"‘”i '/’(/({\’3",‘ % 5% ;&t{%\“\\\\“ “
Z?qu:;?%? T2l NS &% ’«Z;L\gzx\\\
@Ef Uﬂhedl a/;-f aﬁ’fﬁ‘ \é% 'Gm\\'\'l'&o%
R85 1% Chuyy el Znimali2
”‘nhua,a"”V = \ﬁ?{él Zhir
TR Wasent. 05-7-1
NEH E)'(iaom,‘;f,{(id i Shounan
= Yewang ()823 insel
EF5 Xuefang k2 Shins
B R% Zaobaimi A3 Nikkori
& 7KER Jinshuisu 11 BFEnl .
# 7 Huangguan : . . L | ; : EHF Yuluxiang
E&%Baipisu [ I [ [ I I 4T Hanhong
P4 Xizilv. X Jingiu
4Tk Rfe Hon: ’s\J\F“‘i v - N o w @ & = j% nmi.
®E Jim | B1E Xiangchj

o Sh
Z o J,(H
Jﬁﬁé;’if ‘\'”»‘l’lh

Meir,
Y, Clrep;
e Jinkjape

&9 200 HEMREFZRNABESH

Fig.9 Cluster analysis of 200 pear germplasm resources
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Schedule 1 Details of different groups of 200 pear germplasm resources
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