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Abstract: [Objective] The abundance of germplasm resources of pear in Yunnan is notable. In excess
of 200 distinct pear varieties (types) have been domesticated and adapted to varying climatic conditions
over long periods of cultivation, attesting to their diversity and adaptability. Despite the abundance of
genetic resources, research on fruit traits of local pear varieties in Yunnan is still limited. Therefore, the
aim of this study was to investigate the fruit characteristics and diversity of these varieties in order to
provide valuable references for their exploitation and utilization in the future. [Methods]) In this study,
a total of 61 distinct local pear varieties were collected from primary pear-growing areas in Yunnan. A
comprehensive assessment of sixteen descriptive traits and seven quantitative characters of the fruit
were conducted to evaluate the diversity and variant types of the species. The sixteen descriptive pheno-
typic traits included fruit shape, ground color, dot-obviousness, smoothness of the fruit skin, stalk-cavi-
ty depth, eye-basin depth, relief of area around eye basin, flesh color, texture, texture-type, fruit-core
size, stone-cell amount, juiciness-of-flesh, flavor, astringency, and fruit maturity date. The seven quanti-

tative characteristics were fruit-single weight, fruit- vertical diameter, fruit- transverse diameter, fruit-
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shape index, fruit-stalk length, fruit-stalk roughness, and soluble-solid content. Furthermore, electronic-
nose detection of fruit aroma was performed, and principal-component-analysis was applied to analyze
the data. The electronic nose incorporated a sensor array detecting the chemical compounds in an aroma
mixture, and then converted electronic output signals from all sensors. Collectively, these signals gener-
ated a unique digital pattern known as the Electronic Aroma Signature Pattern (EASP) highly specific
to the gas mixture being analyzed. Consequently, the instrument output generated a distinctive aroma
signature or smell-print useful in identifying the particular type and variety of fruit. [Results] The phe-
notypic traits of 61 pear local varieties exhibited a wide range of variation , and totally 63 variations
were observed. On average, 4.0 variations per trait were identified. The diversity index (H’) ranged
from 0.45 to 1.88, indicating the high level of diversity presented in these varieties. The diversity of
fruit shape and ripening stage were notably apparent among the various types. Obovate, Oblate, and
Globose were the most common fruit shape observed. The majority of fruit ripening dates occurred be-
tween mid-August and September, comprising 81.96% of the total ripening dates. A total of nineteen lo-
cal pear varieties had been identified, with distinct kinds of red-skin, such as bright red, light red, pink
or dark red. Out of the seven local pears, including Huizehuopiaoli, Miduhuobali, Miduhongxiangsu,
Miduxiaohongli, Weishanhongxueli, Weishanhuobali, and Eryuanhuobali, notably standed out for their
bright red skin, offering an excellent resource for the selection and breeding of red-skinned pear. The co-
efficient of variation for seven quantitative traits ranged between 11.25% and 61.79%, while the diversi-
ty index (H’) varied from 1.676 to 2.080. The coefficient of variation of the single fruit weight was ex-
tremely high, 61.79%. The heaviest single fruit was Weishanshiquandameili, with a weight of 519.78 g.
Conversely, the smallest fruit was Jianshuixiaotianli, with a weight of 22.02 g. The fruit vertical and
transverse diameter, fruit shape index, stalk length, and soluble solids content showed a high degree of
diversity with H’ values exceeding 2.0. Among the local varieties, the largest vertical fruit diameter
was observed in Weishanlaomanli, while the longest transverse fruit diameter was observed in Weishan-
shiquandameili. In contrast, Jianshuixiaotianli exhibited the smallest vertical and transverse diameters.
Xiangyunbendili 2 possessed the highest soluble solids content, with a value of 13.59%, while Yong-
pinglaopinzhongli exhibited the lowest value, with only 7.63%. The results from electronic nose tech-
nology revealed that WIW (hydrogen sulfide sensor), W5S (NOx compound sensor), and W2W (organ-
ic sulfide sensor) were very important in pattern recognition. The principal component analysis showed
that it was possible to distinguish all cultivars through analyzing specific aroma compounds. [Conclu-
sion] 61 pear local varieties in Yunnan are rich in fruit descriptive traits and have high diversity index
of quantitative traits. Seven varieties with bright red peels, including Huizehuopiaoli, could be used as
excellent resources for red-skin pear breeding. The electronic nose technology could be used as an auxil-
iary means for local variety identification.
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Table 1 Locations and germplasm name of 61 pear landraces in Yunnan
kUi i MR kUi i MTTAER
Origin No. Germplasm name Origin No. Germplasm name
E2 W3 1li Kunming 1 27104 Chenggongpaoli 32 Fa4 5 A 15 Xiangyunjinwoli No. 1
2 5 T KL Chenggongsuandali 33 ¥4 5 %1 2 5 Xiangyunjinwoli No. 2
3 E 1 HE ERE! Chenggongbaozhuli 34 P A ZY 15 Xiangyunbendili No. 1
15 117 Qujing 4 B IRTT I ZL Xuanweiqingpili 35 ¥z A AL 2 5 Xiangyunbendili No. 2
5 Fiti [ B FK 2134 Luliangwanqiuhongli 36 FE 2 B2 454 Xiangyunsuandongli
6 Fifi K % 757 4L Luliangmixiangli 37 FE2 KA Xiangyunhuobali
7 Fifi B KR %L Luliangdasuanli 38 Bk KA 34 Yangbiyuxiangli
8 455 K Bl 4L Huizehuopiaoli 39 % AL Yangbimili
KT Yuxi 9 JHHE AL Tonghaiseli 40 2 4B AL Yunlonghongpili
10 JEHE K 2 B Tonghaichapili 41 =% 7 A Yunlongmixiangli
11 JE K ¥ %4 Tonghaidahuangli 42 K2 i 2L Yongpinglaopinzhongli
A8 T Zhaotong 12 7K 575 7K ZE Yongshanxiangshuili 43 K43 Yongpingdongli
KFLM| Dali 13 KHAZL Dalidongli 44 7K R 3 AL Yongpingdatangli
14 TR 085S Eryuanhongtangli 4 11 Chuxiong 45 Wk TR i %2 Yao” ansuanbianli
15 VHIEA R A Eryuanmuguali 46 k2 % J7 21 Yao anhuangpili
16 VPR H 4L 15 Eryuanganzhili No. 1 47 #6721 AL Chuxiongxiaohongli
17 VYR T34 2 5 Eryuanganzhili No. 2 48 FE I 4L Chuxionglaodongli
18 TEVEH 734 3 % Eryuanganzhili No. 3 49 [T 241 %% Aduohongli
19 VIR A 7K 2L Eryuanxiangshuili 2130 1] Honghe 50 ANMHE AL Gejiulushali
20 TR ZE 424 Eryuanchelunli 51 @ /KR Jianshuisuanli
21 VR K 24 Eryuanhuobali 52 7K /NG 2 Tianshuixiaotianli
22 TR 2 FR %Y Eryuanzhimali 53 @K A F Jianshuibendili
23 PRIE K FL Miduhuobali 54 FFi7t #f 7 44 Kaiyuanhululi
24 R L2 Miduyuli 55 FFizE i 4L Kaiyuanseli
25 PRI £ 7 Bk Miduhongxiangsu 56 JFizt # f7 4 Kaiyuanhuangpili
26 PRIE /N1 EL Miduxiaohongli 57 Y757k FL Luxishuili
27 PR I% 25 54 Miduxueli 58 4975 % %! Luximixiangli
28 #1122 2554 Weishanlaomanli 59 % Hii /K 5L Mengziqingshuili
29 #1114 %5 4 Weishanhongxueli 60 % B B4 Mengzimopanli
30 #1011 k22 Weishanhuobali 61 % H &AL Mengzixiangsuli
31 #1111 42K 3£ AL Weishanshiquandameili
%R 2 PEN3 RSB MRRIEREHIA
Table 2 PEN3 sensor name and description of performance
F5 No T2 ER 4 FR Sensor name T GEFE IR Description of performance
S1 WIC 77 B R FAL JFAE Sensor of aromatic benzene
S2 WS5S FEAMNM AL 2% Sensor of NOx compounds
S3 W3C (A% 2 Sensor of ammonia
S4 W6S LA LA Sensor of hydrogen
S5 W5sC Le e 4 Sensor of arom-aliph
S6 WIS e 5 4% J% 4% Sensor of methane compounds
S7 WIW Tt A 544 12§ Sensor of hydrogen sulfide
S8 W2S L EEAE 2% Sensor of broad-alcohol
S9 W2WwW 75 B B 5 A WL A% [ 35 Sensor of aroma composition and organic sulfide
S10 W3S 77 e AL [54 Sensor of methane-aliph
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Table 3 16 descriptive phenotypic traits and classification of pear germplasm resources

R Character KRR kR dE Classification of each type

JEAR Fruit shape LA 2. ;3. KT ;4. ORI ;5. BIORE ;6. M ;7. 7RI ;8. &1
1. Oblate; 2. Globose; 3. Long globose; 4. Ovate; 5. Obovate; 6. Cylindrical; 7. Spindle-shaped; 8. Pear-
formed

J&& & Ground color 10,2, B4R, 3. G0, 4. BE4E, S, 48,6, D

45 W 22 ¥ Dot obviousness
B E Degree of fruit skin smoothness
VR & Depth of stalk cavity

B2 TR Depth of eye basin

HHEIRAS Relief of area around eye basin
FF Flesh color

LA 5 Flesh texture

R WZEA! Flesh texture type

J0 KN Fruit core size

F 41 Amount of stone cells

V1 Juiciness of flesh

JAUH Flavor

VI Astringency
FS2 P Date of maturity

—_

. Russet; 2. Light russet; 3. Green; 4. Yellow green; 5. Green yellow; 6. Yellow

AR 2. HEE 3. R EE 1. Conspicuous; 2. Medium; 3. Obscure

RLRE ;2. H4% ;3. T 1. Rough; 2. Medium; 3. Smooth

T 2. s 3. i 4. IR 1. Absent or extremely shallow; 2. Shallow; 3. Medium; 4. Deep
CPER 2. ¥ 53, 54, IR 1. Flat or extremely shallow; 2. Shallow; 3. Medium; 4. Deep
B 52, 4645 1. Smooth; 2. Corrugated

CEEA ;2. LA ;3. A 1. Greenish white; 2. Creamy white; 3. White

CFH;2. 53,40 1. Coarse; 2. Medium; 3. Fine

. ffis2. Bk 1. Crisp;2. Crisp to soft

. K;2. %133, /N 1. Large; 2. Medium; 3. Small

. %:2. "33, /b 1. Heavy; 2. Medium; 3. Light

.52, £ 1. Medium; 2. Juicy

TR 2. TR s 3. BTG ;4. FREDE S 5 5. R s 6. W& ;7. Hif

1. Sour; 2. Slightly sour; 3. Sweet-sour; 4. Sour and sweet; 5. Sour-sweet; 6. Light sweet; 7. Sweet
.4 ;2. & 1. Present;2. Absent

8 H )28 H N A):3.9 H LA 4.9 A 5.9 A M6, 10 H B4 7. 10 3 4U:8. 10 H T )

. Mid August; 2. Late August; 3. Early September; 4. Mid September; 5. Late September; 6. Early
October; 7. Mid October; 8. Late October
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The color blocks 1-8 represent the distinct variant types as listed in Table 3, with the length of each block indicating the frequency of that variant

type (on the Y-axis labeled on the left) and the line depicting the diversity index (on the Y-axis labeled on the right).
1 61 MRS @ARE 16 MERBEMREFXBNR S H R SRR

Fig. 1 Frequency distribution and diversity index of 16 descriptive phenotypic traits in 61 pear landraces



46 3 L)

S 4

413

o F UG RS R AR SR €, /N SR Stk

o

B m

TE R SLAP A IR BV 7 T, 61 /> 25 B Lk 7
i F SR SR LB SR T B 2, 5 36.07% 5 F K2 i
B AN , 23501 15 26.23%F121.31%. 5 R LA
WS, 65 49.18%. A B B AANEH
SRR 21A, RAPEA 190 RIOUBERZ
BRI, 77.05%. SRR B DL AL
B N T, JE Y 86.88%. SRSE A KA 20
A EEIRIA 190, TEERIAE 24 BERES
U 83.61%.

TE S5 b 5 A IR B PER T TH , 61 A 25 e AL b
TR R RE A EE NI AM, 5 75.41%; H k2
H, 1 19.67%. FEAF A R .40 3 K2RA,
73515 50.82%+36.07%13.11%. FREM FHEE
LA M AR A PR, BT & N 75.41% , JE A S
24.59% 0 FO K/ K H N3N, Hodh B
/NI 60.66% . SRR 4B EE AT 17 90.12%
AL Z 1 5 9.84% . SRS EZA P ZFHK
RS 34.43%, VHIRZ 1915 65.57% . HE5E
MR 2, Hodh KRR Al & 22 5 7 36.07% 5 H:
UL, 17 18.03% ;s KUK AR 1) 5 16.69% . F AT

WURA 48 A 5 78.69% , H WMk I 2 13 4, 5
21.31%.

18 SR SE AT T, 61 4 ff Bl 5 52 B2 N 8
Hr )z 10 H N f), B A4 m) T e oy, 2248 h
E8 Heh Ay J2 9 A b h AR A 44N 3, 3% 4 AN 3
JSC AT it M43 o) o B R 14.75% . 18.03%
19.67%-+29.51%, 3£ 15 81.96%.

TE 614 2= B B4t 7 d Bl A, A 19 AN 75 b i
TE J A JE 7 5 AN [R) 55 €0, 5 0 SR A RN H & 43 03 2
SELT A T A IR 6 D L5 AN IFLL 1A SRl
HOFEER Ny, FH ORI N a (R
4) o VK IMAL TR KA AL RUELL AR TR/
AR S TRAREE N+ R & (kSR &
iR R R S T 0 (2D, WIAR N A B AL ik AR
22 61N mEEUh S mMRIHER MK ST

61 /1> 2 B AL 5 i R SRS ) 7 N EE A MR
T RBUE 11.25%~61.79%2 18], ZREVETR B (H O N
1.676~2.080(% 5) . H A RRFRER R RE
N61.79%, ZFEHEFRECN 1.891, H 5L i & i K1)
sl KSERL, N 519.78 g, fe /N2 E KN
LA 22.02 go REHPE R IAR 7 R E I

R4 VP EEMGTRARRILEEER

Table 4 Fruit coloring of 19 pear landraces in Yunnan

ke T4 B ESE R EEFEE et
Origin Germplasm name Over color Relative area of over color Type of over color
{35 17 Qujing 22 K BIZL Huizehuopiaoli fitf 21 Bright red #0534 £ Partial J 41 Flaky
KM Dali PRI KAEAL Miduhuobali 4T Bright red #0434 (4 Partial Jr 41 Flaky
PRIE L7 Ik Miduhongxiangsu fif 41 Bright red 534 4, Partial Ji 41 Flaky
PRIE /N AL Miduxiaohongli 4T Bright red 43 % 4 Partial J 41 Flaky
ez kAt 2L Xiangyunhuobali H 41 Pink 53 % 4 Partial J 41 Flaky
3111141 %5 % Weishanhongxueli 2T Bright red #5345 4 Partial Ji 41 Flaky
#4111 K H% Weishanhuobali #2241 Bright red #0144 4, Partial J 41 Flaky
Y H 7134 15 Eryuanganzhili No. 1 W4T Light red #B 5y % {4 Partial Ji 41 Flaky
VR H 24 2 5 Eryuanganzhili No. 2 VR 41 Light red % 0 Partial Fr 41 Flaky
T H V%1 3 5 Eryuanganzhili No. 3 W4T Light red 4> % {4 Partial F 41 Flaky
THE KA AL Eryuanhuobali i 4T Bright red 43 % £4 Partial F 41 Flaky
R AL Yangbiyuxiangli H 41 Pink #B43% {4 Partial Ji 41 Flaky
P AL Yangbimili 541 Dark red 4> % 4 Partial Jr 41 Flaky
ZI AL A Yunlonghongpili Hr4L Pink 4% 0 Partial Fr 41 Flaky
HEHEN Chuxiong  #EHE/NT AL Chuxiongxiaohongli YR 4T Light red #5345 4 Partial F 41 Flaky
i =41 4% Aduohongli W41 Pink 43 % {4 Partial F 41 Flaky
2L Honghe  AMHE3! Gejiulushali W41 Pink #4375 {4 Partial J 41 Flaky
32 7 7K 3 Mengziqingshuili W41 Light red 43 % 4 Partial F 41 Flaky
JFizi # 7 34 Kaiyuanhululi 4T Light red Hi4y % £ Partial J 4T Flaky
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Fig.2 7 local varieties of red-skinned pear
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Table 5 Diversity analysis of 7 quantitative characters of 61 pear landraces in Yunnan
okw R REYr PSS e PSI 2 PSS FBERE wCRVETEE YD
IH d/ ' Single fruit Fruit vertical Fruit transverse Fruit shape  Fruit stalk Fruit stalk Soluble solids
naex weight/g diameter/cm diameter/cm index length/cm roughness/cm  content/%
Rk 166.32 6.29 6.52 0.97 3.16 0.30 10.45
Mean
/ME 22.02 3.33 3.38 0.79 1.49 0.15 7.63
Min.
ONIES 519.78 9.29 10.40 1.19 4.50 0.87 13.59
Max.
PR s 102.76 1.33 1.47 0.11 0.76 0.10 1.23
AR RECVI% 61.79 21.20 22.59 11.25 2421 32.32 11.75
LR 1.891 2.080 2.011 2.006 2.060 1.676 2.022

Diversity index, H’

N 21.20% , 22.59% 5 % ¥ 1 45 £ 55 0l 52 2.080.
2,011, AR FARE AR B K 1) 43 ol o 2 1L =2 28 A A 5
th-F4 KA, /N KN . 4R
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61 /> 2= T AL 10 5 ity o ] s 1 [ TR 4 B B4
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SR 25, N 13.59% , S AR 1 i R K CE S
AN T7.63%
23 61 NERERM S RMRIES S
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