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Abstract: To comprehensively understand the distribution, quantity, age, yield, and fruit quality of the inebriating pear in
Basu County, and to systematically carry out the comprehensive collection and precise identification of the inebriating
pear germplasm resources in Basu County, so as to provide accurate data basis for the subsequent protection, utilization
and management of the germplasm resources. The fruit tree resources of inebriating pear in Basu County, Changdu City
were investigated through on-site investigation, interview investigation and route investigation. Due to the influence of the
"high in the north and low in the south” terrain of the Three Rivers Basin and the plateau temperate semi-arid monsoon
climate (annual average temperature 10.4<C, precipitation 233.3mm, frost-free period 161.7 days), the inebriating pear
shows obvious vertical distribution adaptability, and forms a concentrated planting area in the river valley at an altitude of
2800-3200m. The principal component analysis (PCA) of fruit quality revealed that single fruit weight, transverse diameter,
and soluble solids content were the dominant contributors to the first principal component, explaining nearly half of the
total variance. Notably, Ziga Village exhibited the highest comprehensive fruit quality score. In contrast, Lagen Village
exhibited higher fruit hardness and stone cell content, contributing to its high score in the second principal component. the
lowest fruit shape index was found in Lieri Village, indicating a relatively flattened fruit shape, while other villages had
values closer to or exceeding 0.8. Through the investigation and research on the distribution and growth of inebriating pear
in Basu County this time, it provides a reference basis for the rational utilization, resource protection and artificial
cultivation of inebriating pear resources in Basu County.
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1 Introduction

China, as a continental country with diverse climates,
boasts the world's richest germplasm resources of the pear
genus. The country has a long history of pear cultivation,
dating back at least 3,000 years. Due to site-specific adap-
tations, pears are the third most widely cultivated and pro-
duced fruit in China, following apples and citrus fruits [1].
National surveys conducted in the 1950s and 1980s identi-
fied over 3,000 local pear varieties (landraces) distributed
across China [2]. The pear industry in Xizang has devel-
oped relatively slowly, contributing a small share to the
country's overall production area and yield [3]. Changdu
City, the first administrative center to be liberated in Xi-
zang, was also the earliest area in the region to introduce
fruit tree cultivation and now holds abundant fruit tree re-
sources. Basu County is one of the primary distribution ar-
eas for Xizang Zui pears, a unique highland fruit resource
adapted to high altitudes, low temperatures, and strong sun-
light. It features a distinctive flavor and significant eco-
nomic potential. Pear belongs to the genus (Pyrus L.) of the
subfamily (Maloideae) of the family (Rosaceae), and is one
of the main economic tree species in the region [4]. The
fruit has a crisp texture, juicy flesh, and a sweet taste, mak-
ing it suitable for both fresh consumption and processing
into various pear products [5]. As a local specialty fruit re-
source, Zui pears are distributed across 14 villages in Basu
County, including Jiba, Xiba, Wada, and Walai. The fruit
is oval-shaped, with yellow skin covered in numerous len-
ticels. Its yellowish-white flesh is crisp but slightly coarse,
juicy and sweet, with a slightly large core and some residue
after eating. The fruit weighs between 200 and 700 grams.
The Zui pear is a multipurpose tree species with medicinal
and ornamental value. Its roots, leaves, and fruits can all be
used medicinally. The roots and leaves are known for their
lung-moistening, cough-relieving, heat-clearing, and de-
toxifying properties, while the fruits provide benefits such
as generating fluids, moisturizing dryness, clearing heat,
and resolving phlegm.

In the Xizang Autonomous Region, complex terrain and
diverse ecological and climatic conditions have nurtured
rich wild pear germplasm resources. However, most of
these resources remain underutilized, and systematic scien-
tific research on Xizang pear germplasm resources is still
limited [6]. Through long-term agricultural practices, local
communities have cultivated numerous excellent local pear
varieties through continuous innovation and domestication.
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These varieties possess rich genetic diversity, providing a
valuable foundation for future cultivar breeding and ge-
netic improvement. Nevertheless, local varieties have
faced severe genetic erosion in recent years, underscoring
the urgent need for systematic collection, preservation, and
research efforts [7]. As a distinctive fruit of Changdu and
an important economic crop, the Zui pear has gained
broader recognition. However, there remains a lack of sys-
tematic investigation and research on this fruit. Therefore,
this study focuses on the Zui pear of Basu County,
Changdu Prefecture, by investigating its distribution, yield,
and fruit quality, and by systematically collecting and ana-
lyzing relevant data. The aim is to provide essential data to
support the cultivation, conservation, and development of
the Zui pear in Basu County, Changdu Prefecture, Xizang
Autonomous Region.

2 Materials and Methods

2.1 Overview of the Test Site

The experimental site in Basu County, Changdu Prefec-
ture, is located between N29°40-31°01" and E96°23'—
97°28', with a total area of 12,564.28 km?. The region is
situated in the high mountain and canyon area of the Three
Rivers Basin, characterized by rugged terrain. The topog-
raphy generally slopes from higher elevations in the north
to lower elevations in the south. The altitude of the survey
points ranges between 2728.9 m and 3352.4 m. Due to sig-
nificant topographical variations, climatic factors such as
temperature and precipitation vary noticeably with changes
in altitude and geographic location. This results in three
distinct vertical climatic zones: the warm temperate valley
zone, the plateau temperate zone, and the plateau cold tem-
perate zone. The predominant climate is the semi-arid mon-
soon climate of the plateau temperate zone. The region ex-
periences an average annual precipitation of 233.3 mm and
an average annual temperature of 10.4<C. The climate is
characterized by significant vertical climatic differences,
ample sunlight, and distinct dry and rainy seasons. The
frost-free period lasts for 161.7 days per year. Summers are
mild and humid, while winters are cold and dry. Although
the annual temperature variation is relatively small, the di-
urnal temperature range is significant. The region enjoys
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abundant solar resources, with annual sunshine hours rang-
ing from 2100 to 2700 hours. The region experiences low
annual precipitation, averaging 233.3 mm, with most rain-
fall concentrated between May and September, highlight-
ing a distinct “dry and wet season” pattern. The maximum
annual evaporation rate in Basu County reaches 2617.2 mm,
which is more than 11 times the annual precipitation (233.3
mm), indicating relatively low humidity levels [8].

2.2 Investigation Method
2.2.1 Sample Line Survey

From September 14 to 21, 2024, a survey was conducted
using the transect method to investigate villages in Basu
County, Changdu Prefecture, Xizang Autonomous Region,
where Zui Pear cultivation exists. The survey covered 14
villages. Data on the distribution points of Zui Pear, includ-
ing latitude, longitude, altitude, and yield, were recorded
during the transect survey.

2.2.2 Conducting Field Investigations

Tree height was measured using a Blume-Leiss altimeter;
diameter at breast height (DBH) was determined using a
measuring tape at a height of 1.3 meters above the ground
[9]. Crown width was measured in both east-west and
north-south directions, with the vertical projection of the
crown as the reference point to determine its size. Tree age
was primarily estimated by measuring DBH, consulting
relevant literature calculation methods, and conducting
field interviews. For ancient trees where the age could not
be determined or required precise identification, increment
core sampling was performed using an increment borer.

2.3 Data Analysis

After completing the field survey and fruit measure-
ments, all data were initially entered and organized using
Excel 2021 software. Subsequently, SPSS 24.0 software
was used to perform descriptive statistical analysis, analy-
sis of variance (ANOVA), and multiple comparison tests to

evaluate the significant differences in the growth status and
fruit traits of Zui pear resources across different villages.
For fruit trait indicators, principal component analysis
(PCA) was further employed to reduce dimensionality and
integrate multiple indicators. Principal components with ei-
genvalues greater than 1 were extracted, and the compo-
nent loading matrix was calculated to identify the key con-
tributing indicators, determine their comprehensive scores,
and rank them. The variance contribution rate of each prin-
cipal component in PCA was used to determine its weight
in the comprehensive evaluation model. Based on the prin-
cipal component scores and weights, a comprehensive
evaluation model of Zui pear fruit quality was constructed.

3 Results and Analysis

3.1 Resource Growth Status of Basu Zui
Pear

To study the distribution and characteristics of Zui Pears
(Pyrus sp.) in Basu County, Changdu City, a field survey
and collection were conducted from September 14 to Sep-
tember 21, 2024. The investigation covered 14 villages and
involved over 3,000 trees. Measurements of crown width
(both horizontal and vertical), yield, diameter at breast
height (DBH), and tree height were recorded.

The survey results showed that the maximum DBH
among the sampled trees was 113 cm, while the minimum
was 6 cm. Most trees had a DBH ranging between 20 cm
and 40 cm. The measured tree height, defined as the verti-
cal distance from the base of the above-ground part (where
the roots connect to the stem) to the tree top (excluding in-
florescences or immature fruits), reached a maximum of
17.80 m. However, in Sample Plot @ of Xiba Village,
where seedlings were artificially planted and tree age was
relatively young, the standard tree height, crown width
(both horizontal and vertical), and overall size were the
smallest. These younger trees exhibited smooth trunks,
gray-white bark, spines, small tree forms, smaller crowns,
and either no fruit or very small fruit. (Refer to 1 for details).

Table 1 Growth status of Zui pear in different villages

sample plot (village) = DBH (cm) Height (m)  Horizontal crown spread (m)  Vertical crown spread (m) Harvest (a)
Jiba 58.3 11.7 11.0 9.0 1300

Xiba (1) 32.0 9.1 7.9 6.7 1353

Xiba (2) 8.0 6.2 2.8 2.7 —

Wada 34.3 8.0 7.0 7.5 857

Walai 38.2 12.3 9.9 9.6 906
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sample plot (village) DBH (cm) Height (m)  Horizontal crown spread (m)  Vertical crown spread (m) Harvest (a)
Niba 258 9.1 9.0 9.4 872
Genyao 38.8 12.6 7.6 8.8 896
Gama 32.0 10.6 5.8 9.2 1010
Zhuba 34.1 8.7 8.0 8.9 704
Xiaxin 49.7 8.9 9.9 10.3 2139
Lieri 36.0 10.0 6.7 10.1 373
Genyao 19.0 5.7 6.2 6.2 1394
Jiayuziran 315 9.5 9.5 5.7 704
Raoba 95.5 11.1 11.9 10.8 767
Ziga 88.7 12.9 12.9 13.1 510

3.2 Map of Pear Chest Diameter and
Tree Height Distribution

The results of this experiment show that the diameter at
breast height (DBH) of the Zui Pears in Basu County mainly
ranges between 20 and 60 cm, with a decreasing trend at both
ends. The tree height is primarily concentrated between 6 m
and 12 m, with the majority falling in the 9-12 m range, as
shown in Figure 1. During the survey, a Zui Pear tree with a
DBH of 106 cm located in Jiayuziran Village was sampled
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for tree core and age determination. The tree was found to
be 113 years old. The survey revealed that the majority of
trees have a DBH between 20 and 60 cm, leading to the es-
timation that the age of most Zui Pear trees in Basu County
is likely between 20 and 60 years. This indicates that the ma-
jority of these trees are transitioning from their productive
phase to the senescence phase of their life cycle. The survey
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Figure 1 Distribution map of chest diameter and tree height of eight host pear resources

3.3 Comparison of Pear Growth in
Different Locations

Due to the varying growth conditions of trees at different
sampling sites in Basu County, some sites contain both cen-
tury-old trees and one-year-old saplings. Therefore, in con-
sideration of the actual circumstances, this survey will ex-
clude trees with significant differences from others to mini-
mize errors and ensure the accuracy of the experimental data.
Through field investigation of the Zui Pears in Basu County,
the results show that at the sampling sites in Raoba Village,
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Ziga Village, and Jiba Village, the Zui Pear resources gener-
ally have thicker trunks. In contrast, at sites such as Lagen
Village, Niba Village, and Xiba Village, the trees tend to
have thinner trunks. At Ziga Village, Genyao Village, and
Wala Village, the Zui Pear trees are relatively taller, while at
Lagen Village, Wada Village, and Zhuba Village, the trees
are relatively shorter. At Raoba Village, Ziga Village, and
Jiba Village, the horizontal canopy width of the Zui Pear re-
sources is relatively larger, while at Lagen Village, Lieri Vil-
lage, and Gama Village, the horizontal canopy width is rela-
tively smaller. Lastly, at Ziga Village, Raoba Village, and
Xiaxin Village, the vertical canopy width is relatively larger,
while at Jiayuziran Village, Lagen Village, and Xiba Village,
the vertical canopy width is relatively smaller.



Journal of Agriculture and Forestry 2026, 5(1): 1-11 5

120 -~

100 -

80

60 -

DBH/cm

40

RS R I SR SO S e 4
R S O G (3“7‘0\\ % S N ‘\&\‘ & A
\\’b
Village
16.0
14.0 |
12.0 B
-5
E g c 10.0
S o
o w= gg |
g E T
2 =
237 60 |
=]
4.0
2.0 |
0.0 - L Il Il | L
2 o d > d (s} x4 X3 RN o o o e yd
R R s ~ I S - s S A I R « L.
R A 0%*&\« & ¥
3

R
Village

160

140 ¢
120 r it
c 100 F
=
Z 80
20
T 60 |
40 |
20
0.0
o o 2 > 2 > 2 O O o o
29 9" kel N 2 & NS o~ e e @ RS &
T & Er S *_@*' X »“%$& & P
¥
Village
18.0
16.0
14.0
T 120 |
= 2
8 %Elo.o +
t =
@ = 8.0 |
-2
5 6.0 |
4.0 F
20 F
0.0
N NS S - B, S ST SR (R '3
O 0 (s S & AL N O & @ 2 o &
R IR G (3"5\* WV ,§\° RN \\\;\,\‘ & v
W@
Village

Figure 2 Growth of pear resources in different sites

3.4 Distribution of Zui Pear Resources in
Basu County

Due to the unique characteristics of the plateau, the dis-
tribution of Zui Pears across the villages shows significant
elevation differences. The lowest elevation is 2728.9m in
Genyao Village, while the highest is 3352.4m in Xiaxin
Village, with a maximum elevation difference of 623.5m.

Currently, the Zui Pears in Basu County are mainly small,
newly planted artificial forests and sporadically planted
trees, with the main production areas being Ziga Village,
Jiayuziran Village, and Gama Village. In terms of distribu-
tion types, the Zui Pears in the 14 sample villages mainly
show two types: cluster distribution and random distribu-
tion. Based on the analysis in Table 2, the Zui Pears are
predominantly distributed in dense clusters along the river
valley regions at lower elevations.

Table 2 Overview of the distribution sites of Zui pear in Baxiu County

Village longitude latitude Altitude /m Total number of trees/a Spatial pattern

Xiba (1) 96.965949 30.0677 3169 185 Reunion distribution
Xiba (2) 96.96849 30.06273 3161 - Reunion distribution
Wada 97.123470 30.022955 2928 417 Random distribution
Walai 97.05636 30.01304 3092 97 Random distribution
Zhuba 96.87501 30.0557 3321 81 Random distribution
Xiaxin 96.866.037 30.05456 3352 36 Reunion distribution
Ziga 97.173759 30.005174 3034 48 Random distribution
Lieri 97.085913 30.02593 2983 749 Reunion distribution
Genyao 97.01423 30.0326 2983 170 Random distribution
Jiayuziran 97.01743 30.01587 3097 78 Random distribution
Raoba 97.03109 30.02008 3238 206 Random distribution
Niba 97.32183 29.87447 3087 21 Random distribution
Genyao 97.27322 30.07071 2729 415 Random distribution
Ziga 97.30293 30.09568 3291 604 Reunion distribution
Jiba 96.69176 30.454319 3094 25 Random distribution

http://www.agrforestry.com
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3.5 Determination of Fruit Quality of
Zui Pear in Basu County

In the sample sites of Basu County, after excluding edge
trees, three pear trees with similar growth vigor were ran-
domly selected. Once the fruits matured, three disease-free,
undamaged, and fully ripe fruits from the inner and outer
sections of each tree's eastern side were collected. The col-
lected fruits were placed in self-sealing bags and taken
back to the laboratory for measurement of various indices.
According to the "Standards for Description and Data of
Pear Germplasm Resources,” the external shape of the
fruits was determined. The individual fruit weight was
measured using a balance with a precision of 0.01 g, and
the fruit's horizontal and vertical diameters were measured
using a caliper with a precision of 0.01 mm. Each index
was measured three times, and the fruit shape index was
calculated using the ratio of the fruit's vertical diameter to

Investigation and Research on the Germplasm Resources of Basu Zui Pear in Changdu City

its horizontal diameter.

The internal quality indicators of the fruit included hard-
ness, core horizontal diameter, soluble solids content, stone
cell content, titratable acid content, vitamin C content, and
acid-to-solid ratio. Fruit hardness was measured using a
digital fruit hardness meter (GY-4, Aidebao, 8 mm). After
cutting the fruit horizontally, the core horizontal diameter
was measured with a caliper with a precision of 0.01 mm,
and the core ratio was calculated using the ratio of core hor-
izontal diameter to fruit horizontal diameter. The soluble
solids content was measured using a handheld high-preci-
sion digital refractometer; titratable acid content was meas-
ured using the NaOH titration method, and the acid-to-solid
ratio was calculated using the ratio of soluble solids content
to titratable acid content. The vitamin C content was deter-
mined by the 2,6-dichlorophenolindophenol titration
method, and the stone cell content was measured using the
freezing method. Each index was repeated three times [10]
(see Table 3).

Table 3 Methods for determining fruit quality

Test indicators unit assay method

Single fruit weight g Weigh on a balance

Length and diameter of fruit mm The vernier cal_lper Was_used to measure the transverse and longitudinal diame-
ters of each fruit three times

Fruit shape index - Fruit length / fruit width

The fruit heart is horizontal in diameter  mm Cross th_e equato'rlal part of the fruit and measure with a vernier caliper. Measure
each fruit three times

The fruit heart ratio - Fruit heart diameter / fruit cross diameter

) 2 The hardness was measured by using the TYPE-GY-3 hardness meter, and each

Fruit hardness kg/cm - :
fruit was measured on three sides

Soluble solids content % Each fruit was measured on three sides by digital sugar meter

Titrate the acid content % It was determined by neutralization titration with sodium hydroxide

Solid acid ratio - Soluble solids content/detectable acid content

Vitamin C content mg/100g Dichlorophenol was used for determination

Stone cell content g/100g Determination by freezing method

Table 4 Summary of fruit external quality characteristics data

. Single fruit  transverse di- Longitudinal  Fruit shape
Number Village Appearance features weight (q) ameter (mm) (mm) index
1 Jiba The pear is flat and round, with a green and ~ 169:98 69.09 62.17 0.900
2 Raoba orange-red background. Some of the colored ~ 242.77 79.88 62.70 0.785
3 Ziga pieces are red, without fruit rust, with me- 603.14 103.33 86.77 0.840
4 Lieri dium fruit spots, no ridges or grooves, per- 273.06 83.35 59.45 0.713
5 Niba sistent sepals, aggregated sepals, shallow 161.90 68.12 56.49 0.829
6 Genyao sepals, smooth sepals, medium fruit surface,  195.97 73.01 60.53 0.829
7 Walai no fragrance, erect fruit stalk posture, and 138.71 67.17 54.68 0.814
8 Wada __ medium stem depression 138.29 65.13 55.00 0.844

The smallest fruit shape index in Lie Village is 0.713,
while the fruit shape indices of the other 10 villages range
from 0.785 to 0.923. The fruit shape index is an indicator
used to assess the shape of the fruit, reflecting the ratio of
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the fruit's vertical to horizontal diameters. A lower fruit
shape index indicates that the fruit is more flattened, while
a higher index suggests that the fruit is closer to a round or
oval shape. This diversity may be related to factors such as
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soil conditions, climate, and cultivation techniques in dif-
ferent villages. Ziga Village has the largest fruit size, which
may be attributed to its location in a river valley, long sun-
light exposure, high temperatures, abundant water re-
sources, and its unique management practices. The fruit
shape in Jiba Village is relatively good, while Lagen Vil-
lage has the smallest core ratio, suggesting that the fruit
flesh in this village has a larger proportion, resulting in a
higher edible rate. The core ratio is a measure of the pro-
portion of the fruit's core to its overall size. A lower core
ratio means more flesh and less core, which is an important
quality trait for consumers as it directly impacts both the
edible and economic value of the fruit.

The smallest core ratio was found in Lagen Village,
while the largest was in Lie Village. The fruit hardness is
one of the important indicators of fruit maturity. Among

the villages, Lagen Village had the highest fruit hardness at
11.41 kg €m2, while the lowest was in Wada Village at
4.86 kg €m. In the 8 sampled sites, the soluble solid con-
tent was relatively high, with the lowest content in Niba
Village at 10.91%, and the highest in Lie Village at 16.60%.
The highest fruit moisture content was found in Wala Vil-
lage at 86.4%, and the lowest in Lie Village at 80.7%. The
highest stone cell content was in Lagen Village, with
1.55¢/100g, while the lowest was in Wala Village at
0.68g/100g. Vitamin C (VC) is an important indicator of
the nutritional value of fruits, and Ziga Village had the
highest VC content. The total acid content and soluble
sugar content directly affect the taste of the fruit, and fruits
with higher sugar content are often more favored by con-
sumers. There was little variation in the soluble sugar con-
tent of fruits among the 8 sampled sites (refer to Table 5).

Table 5 Summary of internal quality characteristics of fruits

Number  Village The fruit_ SoIidit)(2 Solluble Water Lithocyte  VC content ;roorfi\elzr?tud ?Sél;tr)lgon-
heart ratio (kg €m?)  solids /% content /%  (g/100g) (mg/100ml) (g/100ml)  tent /%

1 Jiba 0.413 10.78 13.64 83 1.05 3.07 0.49 9.51

2 Raoba 0.412 8.92 14.03 82.9 111 247 0.56 9.1

3 Ziga 0.421 7.97 15.87 82.5 0.94 35 0.50 9.36

4 Lieri 0.547 11.25 16.6 80.7 1.32 3.17 0.50 9.65

5 Niba 0.502 11.37 10.91 87.2 1.33 2.94 0.44 8.36

6 Lagen 0.352 11.41 12.58 84.6 1.55 2.89 0.41 10.11

7 Walai 0.354 7.91 11.33 86.4 0.69 2.85 0.45 9.43

8 Wada 0.392 4.86 13.9 83.6 0.68 2.48 0.59 10.02

3.6 Comprehensive Evaluation of Zui
Pear Fruit Quality

3.6.1 Principal Component Analysis

The principal component analysis (PCA) results for fruit
quality indicators of Zui pears from eight tested villages are
presented in Table 6. As shown in Table 5, the cumulative
variance contribution rate of the three principal compo-
nents reached 86.209%, with eigenvalues all exceeding 1,

indicating that these three components effectively summa-
rize the majority of information from the 12 original fruit
quality traits. The first principal component, accounting for
46.392% of the variance, was predominantly influenced by
nine indicators: single fruit weight, transverse diameter,
longitudinal diameter, core transverse diameter, core ratio,
soluble solids content, total acid content, solid-acid ratio,
and vitamin C (VC) content. The second principal compo-
nent contributed 23.898% of the variance and was primar-
ily associated with two indicators: fruit firmness and stone
cell content. The third principal component explained
15.919% of the variance and was largely determined by the
fruit shape index.

Table 6 Principal component loadings matrix of quality indexes of 8 test villages

Loading of each principal component

Fruit quality indicators

Principal 1 Principal 2 Principal 3
Single fruit mass 0.866 -0.374 0.264
Fruit transverse diameter 0.917 -0.294 0.127
Fruit longitudinal diameter 0.778 -0.396 0.439

http://www.agrforestry.com
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Loading of each principal component

Fruit quality indicators

Principal 1 Principal 2 Principal 3

Fruit shape index -0.372 -0.223 0.731
Core transverse diameter 0.914 0.005 -0.331
Fruit-to-heart ratio 0.509 0.341 -0.615
Fruit frmness 0.3 0.908 0.07
Soluble solid content 0.761 -0.365 -0.347
Soluble solid content -0.052 -0.773 -0.549
Solid-acid ratio 0.851 0.252 0.116
Stone cell content 0.327 0.823 -0.028
Vitamin C content 0.797 0.155 0.41
Characteristic root 5.567 2.868 191
Variance contribution rate /% 46.392 23.898 15.919
Cumulative variance contribution rate /% 46.392 70.289 86.209

3.6.2 Establishment of the Comprehensive
Evaluation System

Table 7 Factor Score Coefficient Matrix

Component score coefficient matrix

F1 F2 F3
Jiba (X1) -0.26816 0.17933 0.73598
Raoba (X2)  -0.19061 -0.49968 -0.85496
Ziga (X3) 1.74478 -1.18873 1.11463
Lieri (X4) 1.26562 0.74525 -1.65102
Niba (X5) -0.34106 1.16968 -0.09581
Lgen (X6) -0.16249 1.16013 0.98761
Walai (X7)  -0.97096 -0.14678 0.49277
Wada (X8)  -1.07713 -1.41919 -0.72919

The membership function calculation referenced the
method described by Liu Yaxi [11]. The membership func-
tion is defined as:

R(X|) = (Xi'xmin)/(xmax'xmin)

where Xi represents the factor score of indicator i, and
Xmin and Xmax denote the minimum and maximum val-
ues of the cumulative product of factor scores and corre-
sponding weights for indicator i across all treatments. A
comprehensive mathematical model for the integrated
score (F) of each principal component was established us-
ing the variance contribution rates of the principal compo-
nents as weights. The model is expressed as: Fi =
(49.392f1+23.898f,+ 15.919f3)/86.209, where Fsrepresents
the comprehensive fruit quality score, and 1, f ,, and f3
correspond to the scores of the first, second, and third prin-
cipal components of the fruit quality indicators, respec-
tively. Using this model, the comprehensive scores of each
pear variety were calculated and ranked (Table 8).

http://www.agrforestry.com

Table 8 The comprehensive evaluation results of the fruit quality of
8 participating villages were evaluated

Village Overall score Reorder
Jiba 2.302 5
Raoba 1.901 7
Ziga 2.662 1
Lieri 2.513 3
Niba 2.376 4
Lagen 2.609 2
Walai 1.968 6
Wada 1431 8

3.7 The Distribution Area and
Preservation Status of Basu Zui
Pears Resources

To investigate the distribution of Zui pears in Basu
County, Changdu City, and conduct research, an investiga-
tion was carried out in Basu County from September 14 to
September 21, 2024. The survey results showed that Zui
pears are distributed in all 14 villages under the jurisdiction
of Basu County, with the main distribution type being ran-
dom. Overall, Zui pears are densely distributed along the
river valley areas at lower elevations, and the preservation
status is relatively intact. Currently, Zui pears in Basu
County are primarily cultivated in small, newly planted ar-
tificial forests and scattered plantings, with the main pro-
duction areas being Ziga Village, Jiayuziran Village, Gama
Village, and other villages. The survey results indicate that
in the Changdu Basu region, Zui pears are mainly distrib-
uted in 14 villages, with Lie Village having the highest dis-
tribution and Niba Village having the lowest. There is sig-
nificant distribution variation between villages, which can
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be preliminarily attributed to local climate and spatial fac-
tors.

4 Discussion

4.1 Growth Characteristics and
Environmental Adaptation
Mechanisms

The results of this study showed that the diameter at breast
height (DBH) of Zui Pears (Pyrus sp.) in Basu County pre-
dominantly ranged from 20 to 60 cm, with only a few trees
exceeding 60 cm. This distribution suggests that most Zui
Pear trees are in their mid to late reproductive stage, which
is consistent with the observation that many of these trees
were planted decades ago during early afforestation efforts.
Trees with larger DBH values were mainly found in Raoba,
Ziga, and Jiba Villages, areas located in relatively lower al-
titude river valleys. These regions are characterized by
deeper soils, higher soil moisture, and warmer microclimates
compared to higher elevation sites (e.g., Lagen and Xiaxin
Villages), which likely promotes more vigorous vegetative
growth. Previous studies have indicated that pear growth is
highly sensitive to water availability and soil depth, which
can significantly influence trunk diameter and tree height de-
velopment [12, 13]. Furthermore, tree height was primarily
concentrated between 9 and 12 meters, with taller trees ob-
served in Ziga, Genyao, and Walai Villages. These locations
are closer to river valleys with higher solar radiation, which
enhances photosynthetic rates, promoting vertical growth.
Conversely, sites like Lagen, Wada, and Zhuba Villages,
with higher elevations and more exposure to cold winds, ex-
hibited lower tree heights. The vertical gradient in climate
(e.g., temperature, precipitation) in this region creates a pro-
nounced zonation in Zui Pear growth, consistent with the
concept of vertical climate belts widely documented in plat-
eau ecosystems [14, 15].

4.2 Fruit Quality Variations and
Physiological Mechanisms

The principal component analysis (PCA) of fruit quality
revealed that single fruit weight, transverse diameter, and
soluble solids content were the dominant contributors to
the first principal component, explaining nearly half of the
total variance. Notably, Ziga Village exhibited the highest

comprehensive fruit quality score, primarily due to its su-
perior single fruit weight and higher soluble solids content.
This can be mechanistically explained by the site’s favora-
ble hydrothermal conditions—higher precipitation, longer
sunshine hours, and more moderate temperatures—which
support robust carbohydrate synthesis and accumulation of
sugars during fruit development [16]. Such conditions have
been shown to enhance sink strength in fruit trees, leading
to increased fruit size and sugar content [17].

In contrast, Lagen Village exhibited higher fruit hard-
ness and stone cell content, contributing to its high score in
the second principal component. The increased stone cell
formation is often a defense response to environmental
stress (e.g., low temperature or water stress) and can affect
fruit texture [18]. This suggests that the local microclimate,
with larger diurnal temperature differences and potentially
higher wind exposure, may have induced stress responses
in Zui Pear trees, leading to thicker fruit walls and higher
lignin deposition in stone cells.

Interestingly, the lowest fruit shape index was found in
Lieri Village (0.713), indicating a relatively flattened fruit
shape, while other villages had values closer to or exceed-
ing 0.8. Fruit shape is influenced by a combination of ge-
netic factors and environmental conditions [19]. The pres-
ence of more flattened fruits in Lieri Village may be linked
to local wind stress or soil nutrient imbalances, which af-
fect hormonal regulation of cell elongation during fruit de-
velopment.

4.3 Spatial Distribution and Landscape
Patterns

The investigation revealed that Zui Pears in Basu County
are predominantly distributed in clustered patterns along
lower-altitude river valleys, with sporadic occurrences at
higher elevations. This distribution aligns with the region’s
semi-arid monsoon climate, where water availability is
more consistent and soil fertility higher in valley bottoms.
Such patterns are characteristic of agroforestry systems in
plateau regions, where human settlement, farming, and ir-
rigation practices tend to concentrate around river valleys
[20]. Moreover, clustered distributions may also enhance
pollination efficiency and reduce fruit drop rates, which are
crucial for maintaining population stability [21].

Conversely, the random distribution observed at higher
elevations may result from historical planting practices and
natural seed dispersal by animals. However, the higher an-
nual evaporation rates and lower precipitation at these sites

http://www.agrforestry.com
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(Basu County records evaporation rates exceeding precipi-
tation by more than tenfold) limit water availability, lead-
ing to lower overall tree densities and potentially higher
stress levels in these scattered stands.

4.4 Implications for Conservation and
Sustainable Utilization

The observed variation in growth and fruit quality
among different villages highlights the importance of site-
specific management strategies. For example, in high-
yielding areas like Ziga Village, efforts should focus on
preserving existing older trees while promoting vegetative
propagation of superior germplasm to maintain production
stability. In contrast, areas like Lagen Village, which pro-
duce harder fruits with higher stone cell content, could be
targeted for developing value-added processing industries
(e.g., dried fruit, preserves) to enhance local economic re-
turns.

Moreover, the high genetic diversity reflected by the var-
iation in fruit shape index and quality traits underscores the
need for in situ and ex situ conservation efforts. Establish-
ing germplasm banks and seedling nurseries in lower-alti-
tude villages with favorable growth conditions can ensure
long-term preservation of Zui Pear genetic resources, espe-
cially given the threats of habitat fragmentation and genetic
erosion documented in similar studies [22, 23].
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