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Abstract: [Objective] Qinghai Province is endowed with abundant pear germplasm resources due to
its unique natural environment. These resources may carry valuable genetic traits—such as cold toler-
ance, drought resistance, and distinctive fruit quality that are adapted to plateau conditions. However,
systematic research on the distribution patterns and phenotypic diversity of these resources remains in-
adequate. This study aimed to clarify the distribution patterns and phenotypic variation characteristics
of pear resources in Qinghai, so as to provide a scientific foundation for biodiversity conservation and
the sustainable development of the local pear industry. [Methods] A province-wide field survey and
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sampling campaign was conducted across the main distribution regions of miscellaneous fruit trees in
Qinghai. To improve sample representativeness and reduce selection bias, sampling sites were selected
through an integrated approach that combines purposive typical site selection with random sampling.
Occurrence records of pear resources obtained from the survey were compiled into a distribution dataset
and imported into MaxEnt (Maximum Entropy) for ecological niche modeling. Model performance and
variable importance were evaluated using the Jackknife procedure to test the contribution and weight of
environmental predictors. The MaxEnt outputs were further processed using ArcGIS for spatial overlay
analysis and thematic map production. A suitability map of potential distribution areas for pear resourc-
es in Qinghai was generated, and the relative contributions of major climatic factors were calculated.
These climatic contributions were interpreted in combination with environmental conditions to explore
the ecological drivers shaping the observed distribution pattern. Finally, following the ‘ Descriptors and
Data Standards for Pear Germplasm Resources’, external phenotypic traits were recorded for 19 repre-
sentative germplasm accessions, including fruit shape, single fruit weight, fruit equatorial diameter, fruit
longitudinal diameter, transverse diameter of the fruit core, fruit base color, degree of fruit dot visibility,
depth of stalk cavity, bulge degree at the stalk base, attitude of fruit stalk, ridge degree on fruit surface,
sepal persistence, relief of the area around the calyx basin, depth of the calyx basin, position of the fruit
core, seed shape, flesh color, degree of fruit skin smoothness, and comprehensive evaluation of fruit ap-
pearance. Flesh firmness and soluble solids content were measured using a GY-4 digital fruit firmness
tester and a refractometer, respectively. Titratable acidity was determined with an automatic intelligent
potentiometric titrator, after which the soluble solids-to-acid ratio was calculated. [Results] The results
showed that pear resources in Qinghai were unevenly distributed spatially, concentrated mainly in the
river-valley zones of the Yellow River Basin and the Huangshui River Basin, with only a small propor-
tion occurring in the hilly areas on both sides of the valleys. The counties with relatively abundant distri-
butions include Minhe, Ledu, Xunhua, and Hualong in Haidong, as well as Guide in Hainan Autono-
mous Prefecture and Jianzha in Huangnan Prefecture. Counties (cities) with fewer recorded occurrences
include Xining, Datong, Huzhu, Huangzhong, and Tongren, while Guinan, Tongde, Gonghe, and Xing-
hai have the fewest records. Evaluation of the contributions of different environmental factors indicated
that precipitation of the driest month, annual precipitation, precipitation seasonality (coefficient of varia-
tion), and mean temperature of the coldest quarter together contributed more than 90% cumulatively.
This highlights the important influence of temperature and precipitation on the distribution of pear
germplasm resourcein Qinghai. Pear germplasm showed abundant genetic variation in phenotypic traits,
and its overall appearance quality generally reached a medium level or above. Statistical analyses of
quantitative traits showed that the distribution patterns of single fruit weight, fruit equatorial diameter,
fruit longitudinal diameter, and transverse diameter of the fruit core differed, but all four traits followed
normal distributions. The highest frequency of single fruit weight occurred at 75 g. Pyrus betulifolia
had the lightest single-fruit weight (at 1.00 g, whereas Huangguan had the heaviest (at 284.00 g, with an
extremely significant difference between the two. Huangguan had the largest mean transverse diameter
(8.10 cm), while P. betulifolia had the smallest (1.09 cm). Zaosu pear had the largest mean longitudinal
diameter (9.02 cm), and P. betulifolia again had the smallest (1.18 c¢cm). Fruit shape comprised eight
types and was the most variable qualitative trait, followed by fruit color with six types. For internal qual-
ity traits, flesh firmness, soluble solids content, and titratable acidity all showed extremely significant
differences among accessions (P<<0.001). Heiba pear had the highest flesh firmness, while Piteguo had
the lowest, with a difference of 11.09 kg-cm™. Zaosu (Ledu) pear had the highest soluble solids content
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(12.82%), whereas Bingtang pear had a lower content, with a difference of 4.57 percentage points be-
tween the two cultivars. Woli had the highest titratable acidity, while Shenbuzhi had the lowest; the acid-
ity of Huangjinguo was 57.27 times as much as that of Shenbuzhi. Accordingly, Shenbuzhi exhibited
the highest soluble solids-to-acid ratio (315), while Huangjinguo had the lowest (7.14). Principal Com-
ponent Analysis (PCA) and Hierarchical Cluster Analysis (HCA) showed that cultivars including
Huangguan, Zaosu (Ledu), Dongguo, Shuijing, Heibali, and Huangjinguo had higher single fruit
weight, soluble solids content, fruit transverse diameter, and fruit longitudinal diameter, as well as supe-
rior external morphology, flavor, and texture characteristics. [Conclusion] Pear trees in Qinghai are un-
evenly distributed, with no representative distribution center, and their main distribution areas are rela-
tively scattered. Most suitable habitats are concentrated in the river-valley regions of the Yellow River
Basin and the Huangshui River Basin, with a small proportion located in the hilly areas on both sides of
the valleys. Precipitation-related variables and extreme low-temperature conditions are the major climat-
ic factors shaping their distribution. This germplasm exhibits extensive phenotypic variation in both ex-
ternal morphology and internal quality traits, indicating a high level of phenotypic diversity. These find-
ings would provide valuable germplasm resources for the selection and efficient utilization of superior
materials.
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Table 1 Information of samples collection

A Al AR SRR b g5 HhEE AR AR SRR ]
Samples name Location Coordinates (E/N) Date of sampling
#ZLP. betulifolia ES AT Minhe 102.87°/36.33° 2023-09-07
# 2% %1 Huangmili E A1 Minhe 102.87°/36.33° 2023-09-07
44 Heibali EAT Minhe 102.87°/36.33° 2023-09-07
[ 444 Baibali EAT Minhe 102.87°/36.33° 2023-09-07
5524 Woli BT Minhe 102.87°/36.33° 2023-09-07
VK BEZL Bingtangli BT Minhe 102.87°/36.32° 2023-09-07
nURE S Piteguo XA Minhe 102.87°/36.33° 2023-09-07
B A% Mishirazu F A1 Minhe 102.86°/36.33° 2023-09-07
FLR (A Zaosu (Minhe) A1 Minhe 102.86°/36.33° 2023-09-07
5453 Manaitou ECAT Minhe 102.45°/36.47° 2023-09-07
LA Ruanerli F11% Guide 101.48°/36.08° 2023-09-07
4% Dongguo i/ Guide 101.43°/36.04° 2023-09-07
KA 4L Guidechangbali 1% Guide 101.48°/36.08° 2023-09-15
4 4 Huangjinguo ST Ledu 102.45°/36.47° 2023-09-15
37 Huangguan ST Ledu 102.42°/36.29° 2023-09-21
LR CR#R) Zaosu (Ledu) SR #B Ledu 102.59°/36.44° 2023-09-21
7K & Shuijing IR Ledu 102.46°/32.47° 2023-09-02
/K%L Xiangshuili 4331 Jianzha 102.05°/35.89° 2023-09-15
1k %4 Hualongli 1k} Hualong 102.01°/36.02° 2023-09-15
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Fig. 1 Distribution of pear resources in Qinghai province
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Table 2  Statistics of climatic data in Qinghai

R WA FHIE DURREE NEH iR ZE
Symbol  Bioclimatic variable Mean value  Contribution rate/%  Cases Standard deviation
BIO1 35S Annual mean temperature/°C 6.49 0.10 34 1.41
BIO2 H-F-#175 4k, Mean diurnal range/°C 13.00 0.00 34 0.73
BIO3 IR 28 (B102/B107) (x100) Isothermality (BIO2/BIO7)(x100) 33.31 0.00 34 2.27
BI04 U35 7 M (bR Z£x100) Temperature seasonality (SDx100) 922.34 0.10 34 55.52
BIO5 A 43 1 AR Max Temperature of warmest month/°C 24.35 0.60 34 2.18
BIO6 & F 43 BB R IR S Min temperature of coldest month/°C -14.72 0.10 34 111
BIO7 SRR FE T [ (B105-BI06) Temperature annual range/°C 39.06 0.10 34 1.25
BIO8 I PR 1) T353R )% Mean temperature of wettest quarter/°C 16.41 0.00 34 1.68
BIO9 B T2 11435 % Mean temperature of driest quarter/°C -5.43 1.80 34 0.92
BIO10 il R ZE )T #5)< il Mean temperature of warmest quarter/°C 17.20 0.00 34 1.98
BlO11 A ZETT T34 % Mean temperature of coldest quarter/°C -5.57 5.20 34 0.94
BlO12 [ /K & Annual precipitation/mm 403.03 27.20 34 44.80
BIO13  #¢iE A 1 A% /K 5 Precipitation of wettest month/mm 87.71 0.00 34 9.12
BIO14 T H 1 il B& /K & Precipitation of driest month/mm 0.35 53.50 34 0.49
BIO15 [ K 245 1 (A8 57 2 %00 Precipitation seasonality 95.04 7.40 34 2.70
BIO16 i i [4 /K & Precipitation of wettest quarter/mm 232.09 0.00 34 24.29
BIO17 BT 25 F (1) [% 7K & Precipitation of driest quarter/mm 3.88 0.10 34 1.39
BlO18 T \Z=# /K & Precipitation of warmest quarter/mm 229.09 1.70 34 25.40
BlO19 I ¥4 Z= [ 7K & Precipitation of coldest quarter/mm 3.88 2.00 34 1.39

Vi HAPARAG(BIO2). A4 & H BB 72 -5 , BRI 72 8 H 58 il 55 F ¥ S IR A 22 < il B2 2R P (BI04 . 124 H H Bl b 72
FeLL100; R FH 1L (BIO1S). 124 H H /K B NAZ 7 R A (B2 T 2D .«

Note: Mean diurnal range (BI02). Average of monthly temperature differences (monthly max temperature minus monthly min temperature) across
12 months; Temperature seasonality (BIO4). Standard deviation of 12 monthly mean temperatures multiplied by 100; Precipitation seasonality

(BI1015). Coefficient of variation of 12 monthly precipitation values (standard deviation divided by mean).
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A. Response curves of precipitation of driest month from the MaxEnt model; B. Response curves of annual precipitation from the MaxEnt model;
C. Response curves of precipitation seasonality from the MaxEnt model; D. Response curves of precipitation mean temperature of coldest quarter
from the MaxEnt model.
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Fig. 2 Response curves for important environmental predictors in the species distribution model for Pyrus
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Table 3 The intrinsic quality traits of different types of pear fruits
A LS FRTE w ] E ) WAV E ) 4=
Samples name Flesh firmness/(kg-cm?) Soluble solid content/% Titratable acid content/% Solidity-acid ratio
% AL Huangmili 6.14 10.17 0.088 115.57
AL Heibali 12.90 12.45 0.445 27.98
[ EL%! Baibali 6.24 12.60 0.711 17.72
% JL%4 Ruanerli 8.75 10.10 0.718 14.07
AL Woli 6.70 11.60 1.146 10.12
VKHEAL Bingtangli 4.62 8.25 0.138 59.78
ng k3 Piteguo 1.81 8.70 1.109 7.84
B R H1 Mishirazu 5.96 9.45 0.030 315.00
4 Dongguo 8.31 11.42 0.350 32.63
4743 Manaitou 1.98 11.80 0.199 59.30
FLR (RAD Zaosu (Minhe) 5.92 9.87 0.144 68.54
5 4>t Huangjinguo 8.15 12.26 1.718 7.14
# 7tk Huangguan 6.40 12.34 0.175 70.51
FABRCR AR Zaosu (Ledu) 491 12.82 0.251 51.08
7K & Shuijing 5.98 10.58 0.100 105.80
77K Z4 Xiangshuili 5.04 10.14 0.963 10.53
{#K: 304 Guidechangba 461 11.55 0.207 55.80
k. BE%4 Hualongli 7.73 10.75 0.348 30.89
F 9.46 2.86 9.00 16.33
P <0.001 0.003 <0.001 <0.001

AR B ARG A B, DR SR/ AN B TR AR bR, MG . N
Note: P. betulifolia is a wild rootstock resource. Due to its fruit being too small to measure quality-related indicators, it was not included in the sta-

tistics. The same below.
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