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Identification and evaluation of 112 pear germplasm
resources for cold resistance based on
differential thermal analysis

LIU Huan, XU Jintao, GAO Lijuan, LI Longfei, JI Minghui, YAO Yue, HAO Baofeng"
(Changli Institute of Polomogy, Hebei Academy of Agricultural and Forestry Sciences, Changli 066600, China)

Abstract The study was to establish a reliable and efficient method for evaluating cold hardiness of pear
germplasm resources, identify the cold hardiness of pear germplasm resources, and screen highly cold-hardy
germplasm. In this study, 112 annual branches of pear germplasm resources were used as test materials. The
low-temperature exothermic (LTE) temperatures of the branch tissues were determined using differential thermal
analysis (DTA) system and the temperature-injury regression equations (LT-1), established. The cold resistance
of the 112 pear germplasm resources was analyzed using the LTE indexes, and comprehensive cold hardiness
evaluation and screening were conductedthrough comprehensive membership function analysis andcluster
analysis. The results showed that: 1) The LTE indicators of branches from 112 pear germplasm resources were
significantly correlated and showed obvious differences. The average initial freezing temperature and average

final freezing temperature of rootstocks and P. ussuriensis were the lowest, while those of P. communis were

Wi B 2025-07-04; 3 H # : 2025-11-25

EE&mMA . A RARFRERRHL S E A (2024020202) ; 73t & & B R A 4 F BT E (C20231157) ; 57 3t & R #h R 3 B 145 61 37 £ 11 7% Bh I B (2022KICXZX-
CGS-7) ;W4 & AR R M 7=l 3 AR 7 F B H (HBCT2024170406) ; B R 7=l 1 R4k # % B 5 B (CARS-29)

#F—1E#H: AI(ORCID:0009-0007-0396-9131) ,BIFARFR , FENBERE M S EEH AW 3, E-mail : 18526426881 @163. com

BHRAEE: MEHE(ORCID:0009-0003-3288-2503) , FAR R, EFENFHE M HKITEBERERH 3 . E-mail: haobfl973@163. com



2 3]

XA o He T 22 BT R R 1Y 112 63 BLRD 5T 5% U5 i FE 10 5 5370 93

the highest. 2)There were differences in the temperature ranges of key injury degrees (LT20, LT50, LT100)

among different types of pear germplasm branches, and the temperature ranges where the three key injury

degrees occurred in rootstocks and P. ussuriensis were significantly lower than those in P. communis. 3) Cluster

analysis based on membership functions categorized the germplasm into five groups, including 2 extremely cold-

hardy gerplasm resources, 17 highly cold-hardy gerplasm resources, 19 moderately cold-hardy gerplasm

resources, 46 low cold-hardy gerplasm resources, and 28 cold-sensitive gerplasm . Additionally, P. betulifolia

(Hebei), ‘Hanxiang’, ‘Nanguo’, ‘Xiaohuagai’, ‘Hanlu’, ‘Hansu’, and ‘Zaosu’ were screened as superior

cold-resistant pear germplasms. In conclusion, this study provided technical support and theoretical basis for

cold-hardy pear breeding and cold resistance mechanism analysis.

Keywords pear; germplasm resources; cold resistance; low-temperature exothermic; evaluation
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Table 1 Names and types of 112 pear germplasm resources
A ot s Filt B 45 #R il o 25 1Y il 44 FR b o 2 Filt i 44 FR
%7 \ G 5 \ % 5
Germplasm N Name of Germplasm N Name of Germplasm N Name of
type ¢ germplasm type o germplasm type ¢ germplasm
PGO01 3ERFL PG039 ¥ %4 PGO77 HAL
PG0O02 B 7 K% PG040 T #5 A4 PG078  H[ &Y
PG003 7 FkAL PGO041 Fk %4 PGO79 4" A
Ve F
PGO04 2151 PGO42 K A PGOSO  myft
P. commusnis
PGO005 i F PG043 FHILH PGO81 {4 1 By i -~
PGO006  Fk H PGO44 Ak H A PG082 iy
I #1
e o PGO07 4 PG045 2k Tk PGO083  Ja 45 i & W
P. pyrifolia CE
PGO0S 4T B %YL . PGO46  JE R A AL PG084 FEF
P. breshneideri
PGO009 I 75 PG047 AL PG085 JE%
PGO10 5k PG48 4341 %Y PG086  FE[ik
PGO11 —+iH2 PGO49 £ A% B PG087  HLEk
PG012 F Kk PG050 11-04-139 PG088 L A Bk
PG013 ZH ok PGO51 417 3L PG089  REAL
PGO14 g %4 PG052 KLy PG090 ETH
PGO15 /NfE 3% FL PG053 & H %! PG091  H AL H A
PGO16 H: AL PGO54 1 E PG092 41 7 A4
PGO17 ¥4k PGO55 8-42 PG093 Rk
PGO18 2T j% iz %4 PGO056 4L & PG094 FH
PGO19 FEHEFY PGO057 i £ PG095 HF 1=
I PG020 H:H 1 PG058 M i [ 22 5 PG096 HER%E
- o PG021 H F&FAH PG059 {22 o # Interspecific PG097  03-21-15
P. ussuriensis hvbridizat;
PG022 R #FL PG060 [ &4 ybridization PG098 5 E
PG023 B8 A7 1l BF 4= A4 PG061 WA S PG099 #Hi&H75
PG024 HFAY PG062 I i ¥ PG100  11-11-141
PG025 41 1k i PG063 I #i bk PG101 Lt HaFER
PG026 Al PG064 ff & PG102 FHig
f F
PG027 WA fir EER pgoss mEEA PG103 B E
P. commusnis
PG028 T 41 A4 PGO66 21 % % iy PG104 FHILF
PG029 F T & A4 PGO67 3 7 AL PG105 41 ik
PG030 # %L PG068 K #hi PG106  08-26
PGO31 M E PGO69 M1t PG107 5k
PG032 FEkE PGO70 Bl [ 4% PG108 FF4L%
SE PG033 # & PGO71 2% 5i 4 PG109  E£FEA
P. breshneideri  pG034 10-24-20 PG072 T BEMRIA PG110 S 5§5L
PG035 4z BARY PG073 Decola il A PG111 it A
PG036 09-01-110 PGO074 Jana Stock species  pG112 H A
PG037 11-02-257 PG075 KA 25
PG038 03-19-99 PGO76 ¥ ik
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LTO indicates the freezing temperature of annual branch; LT50 represents the semi-lethal temperature point of the branch tissue; LT100

indicates the 100% injury degree temperature of annual branch; L TO-L'T100 represents the difference between freezing temperature of annual branch

and the 100% injury degree temperature of annual branch; |Qlt| indicated the absolute value of the slope of LT-T; ** indicate that each index has

significant correlation at P<<0. 01 levels.
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Fig. 2 Correlation analysis of LTE indicators in pear branches
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Table 2 Mean values of LTE indexes of 1-year old branches of different kinds of pear germplasm resources

o Jit 2 7 LTOXfE/C LT100 #{8/C Qlt ¥ 8
Germplasm type Average LTO of type  Average LT100 of type  Average QIlt of type

WAL P. pyrifolia —18.36 —40. 54 —4.52
KT AL P. ussuriensis —21.61 —42.54 —4.82
1%L P. breshneideri —19.35 —41.57 —4.50
PEVERL P. commusnis —16.17 —40.13 —4.28
i8] 24 22 Interspecific hybridization —20.71 —41.94 —4.73
fii K Stock species —23.29 —42.24 —5.39
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VG BRI R 4% 05 83k 2 2096 . 2 B E A o
I IR B AT 5 35076 VR AL R D AL KL A% R A R L
73. 3% WP RLAL SR TE — 21 ‘CI R F 35 2000, BL €
PR 55 o Bl E] 24 58 Bl OR1 (A AL B FE — 29~ — 23 °CHE
Bl N B 45 105 35 1B 3k 20 %, LT 20 16 B 3 FL A T 74
BLRED AL 5 Bk F BL RS A Z 0], 3 BH 1L 2 b 28 70 AL
UIDTETIE S /N RITIRE U O (1 N R ¥ G e S |
fifiA .

S5 AR W, 112 £ AL Fh BT AL 4% LTS0 38 H
— 37~ —27 CCHE 4Ca)), H A [A 25 8 FL Fh 5 8]
LT50 fF7E 25 5 o BLARFRI N« il AR Rk F B4 AL 2%
f 2 B 50 I S g — 31 °C 5 Horp T b AR AL A 4%
FEAR I UL — 37 “CH A 3K 1) 2 3R IR S 5 1 A4 K Fp
] 4% 28 25 0 2 BOAE R AR P fE — 35~
— 31 °C PU AL 5 00 BRI 9 2 BOE R B £ 40 1 T
—31~—29 °C, Hrp PU i BLFP BT 7 — 31 “CHy 4 ik
P HIERE  PUFERR 18 2=, SR LRk F ALY
PERAAAENRZS . WE AR, BKFEL.
il A R[] 4% 52 248 AR 2% 4 56 BE 100 %6 IS A9 38
BBl AR ( — 45~ —41 C), i #k 7 AL LT100 %
1% 5 V4 9 BL AR 4% 15 B 100 %6 B i) I BE T Bl 9
(—43~—39°C), H 93% My PE R i 7 — 41 “Chf
1 F BEIRE 100% , i — L B0 UE T P9 AL b E g
B,
2.2.3 AR T IRAS LTE 45 47 69 4 38 M 441

AW FE X 112 45 B 5T 58 U8 L TE 45 48 b5 247
ity B (3R 3D, 45 R R W, AR P38 F AS [ A o a]
LTEZHERANE 25 BRRZBN T 3. 770~



98 L L ES Y N S S 2026 4F 45 31 &
i ]
» 400 » 40
£ g -
2 &
& B30 € B30
i g I g
e g
= » 20k = 2 90|
&2 &= 3 —
£ £
=] =
Z 10- Z 10- .
o : BN m
=27 29 _31 -33 -35 37 -39 41 43 45
R /°C Temperature JREE/°C. Temperature
(a) LT50 (b) LT100

FhA1 %38 Interspecific hybridization [l 75K Stock species
[ 13 P. breshneideri [ Bk T3 P.ussuriensis

WAL P. pyrifolia

[ PEEERL P. commusnis

4 FRIEBAKFHEESY 10020 iR EL K
Fig. 4 Comparison of temperatures at 50% and 100% injury of different types of pear branches

®3 1120 EMERIESA LTE SRR ST

Table 3 The description and statistics of 5 LTE indexes of 112 pear germplasm resources
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. . . Standard Coefficient of

Indicator Minimum Maximum Average o o
deviation variation

LTO —27.30 —14.76 —19.09 2.80 14. 69
LT50 —35.44 —26.59 —30.12 2.12 7.03
LT100 —44.88 —38.16 —41.15 1.55 3.77
LTO—LTI100 16. 27 26.00 22.07 1.62 7.34
QIt —3.85 —6.15 —4.56 0. 36 7.93
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Table 4 The average membership function values and cold resistance grades of 112 pear germplasm resources
T ) T B T I
No Membership Cold No. Membership Cold No. Membership Cold
function value  resistant type function value  resistant type function value  resistant type
PGO01 0.72 Il PG039 0.40 v PGO77 0.16 \Y
PG002 0.35 v PG040 0.39 v PGO78 0.11 \%
PG003 0.35 v PGO041 0.41 v PG079 0.13 \%
PG0O04 0.33 v PG042 0.39 v PGO080 0.15 \%
PG005 0.33 v PG043 0.35 v PGO081 0.05 \%
PG006 0.35 v PG044 0.35 v PG082 0. 06 Y
PG007 0. 30 v PG045 0.37 v PG083 0.06 \%
PGO008 0.27 v PG046 0.35 v PG084 0. 86 I
PG009 0. 26 v PG047 0.33 v PGO85 0.75 I
PGO10 0.22 \% PG048 0.34 v PG086 0.76 Il
PGO11 0.18 \% PG049 0.34 v PG087 0.76 Il
PGO12 0.21 \% PGO050 0.37 v PG088 0.74 Il
PGO13 0.21 \% PGO51 0.32 v PG089 0.71 Il
PG014 0. 80 II PGO052 0.34 v PG090 0.69 I
PGO15 0.75 Il PGO53 0.27 v PG091 0.68 Il
PGO16 0.71 II PGO054 0.38 v PG092 0.65 Il
PGO017 0.71 II PGO55 0.34 v PG093 0.63 Il
PGO18 0.70 II PGO56 0.31 v PG094 0. 39 v
PG019 0.70 II PGO57 0.33 v PG095 0.45 111
PG020 0.65 Il PGO58 0.29 v PG096 0.44 111
PGO021 0.45 I PGO059 0.29 v PGO097 0.43 I
PG022 0.45 11 PG060 0.28 v PG098 0.40 v
PG023 0.43 11 PGO61 0.15 \Y% PG099 0. 39 v
PG024 0.42 111 PG062 0.16 \% PG100 0. 37 v
PGO025 0.44 111 PG063 0.16 \% PG101 0. 34 v
PG026 0.42 111 PG064 0.14 \% PG102 0.34 v
PGO027 0.40 v PGO065 0.20 \% PG103 0.35 v
PG028 0. 37 v PG066 0.20 \Y% PG104 0.32 v
PG029 0.52 111 PGO067 0.13 \% PG105 0.33 v
PG030 0.51 111 PGO068 0.11 \Y% PG106 0. 34 v
PG031 0.48 111 PG069 0.08 \% PG107 0.32 v
PG032 0.48 11 PGO070 0.11 A% PG108 0.28 v
PGO033 0.48 I PGO71 0.14 \% PG109 0.25 v
PG034 0.47 11 PGO72 0.08 \% PG110 0.22 Y
PGO035 0.43 111 PGO73 0.09 \Y% PG111 0.95 I
PG036 0.44 11 PGO74 0.07 \% PG112 0. 37 v
PG037 0.42 11 PGO75 0.08 \%
PGO38 0.44 111 PGO76 0.10 \%
TE L ARCHCIERN BT s 10, m HUIE R BT 1L, P L FE AP BT s IV ARHTIERD BT 5V, AR IR U AN BT

Note: I indicates extremely cold-resistant varieties; I indicates highly cold-resistant varieties; III indicates moderately cold-resistant varieties; IV

indicates low cold-resistance varieties; V indicates cold-sensitive varieties.
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The name of varieties is the same as those in table 1. Tindicates extremely cold-resistant varieties; Il indicates highly cold-resistant varieties ; III
indicates moderately cold-resistant varieties; IV indicates low cold-resistance varieties; V indicates cold-sensitive varieties.
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Fig. 5 Cluster analysis of 112 pear germplasm resources
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Table 5 Distribution of cold hardiness in different types of

pear germplasms

il Jo 26 Y

Germplasm ~ HH H MH LH WH
type
P 0.0 7.7 0.0 61.5 30. 8
U 0.0 46.7 40.0 13.3 0.0
B 0.0 0.0 40.0 60. 0 0.0
C 0.0 0.0 0.0 23.3 76.7
1 0.0 33.3 11.1 48.1 3.7

z 50.0 0.0 0.0 50.0 0.0

EPR U BT ARG B, ARG C R L A R 28585 7, 6l
A HH BT FE A H S IR MH, P 9826 R 1LH,
fIRHTIESE AL WH AR AU A

Note: P represents P. pyrifolia; U represents P. ussuriensis; B

represents P. breshneideri; C represents P. commusnis; 1
represents Interspecific hybridization; Z represents Stock
species; HH represents extremely cold-resistant type; H
represents highly cold-resistant type; MH represents
moderately cold-resistant type; LH represents low cold-
resistant type; WH represents cold-sensitive type.
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