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Abstract: [Objectivel Ziziphus jujuba var. spinosa, native to China, shows strong adaptability to
drought, infertile soil, and other harsh environments. It is an important shrub for soil and water conser-
vation in arid hilly regions and an excellent rootstock for cultivated jujube trees. Its fruits, seeds, leaves,
and flowers also have medicinal value. In Xinjiang, an arid distribution area of this species, wild popula-
tions have developed high adaptability to desert drought and large temperature differences through
long - term natural selection, containing unique region - specific stress - resistant genes. However, un-
like in Hebei, Henan, and Ningxia, where systematic germplasm collection and evaluation have been

carried out, such work is lacking for Xinjiang wild Jujube (Z. jujuba var. spinosa). Consequently, its
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morphological diversity, patterns of phenotypic variation, and potential utilization value remain poorly
understood, which limits efficient resource utilization and scientific conservation. This study aimed to
systematically analyze the phenotypic diversity of Z. jujuba var. spinosa germplasm from six regions in
Xinjiang, establish a multi - trait comprehensive evaluation system, identify superior germplasm with
special economic traits or ecological adaptation potential, and provide a theoretical basis and high -
quality breeding materials for resource conservation, innovation, utilization, and the development of a
characteristic fruit industry. [Methods] Between August and October 2024, field sampling was carried
out in six regions of the Xinjiang Uygur Autonomous Region, and 162 Z. jujuba var. spinosa germ-
plasm resources were selected as experimental materials. Sampling sites were georeferenced using
GPS, and germplasms were uniformly numbered. Trait measurements followed standardized protocols:
Ten robust secondary branches from the middle - lower outer crown were used for branch and thorn
measurement; fruiting shoots from the second node of two - year - old fruit spurs were collected for leaf
and fruiting shoot measurements; and ten normally developed, similarly sized fruits at the crisp ripe
stage from two - year - old spurs were taken for fruit measurements. All traits were measured immedi-
ately after sampling. Based on the descriptors and data standards for Jujube germplasm resources and
germplasm resources of Chinese Jujube, 24 descriptive traits (e.g., peel thickness, fruit shape) and 24
quantitative traits (e.g., secondary branch length) were recorded. Descriptive traits were categorized in-
to grades. Excel 2024 was used to calculate distribution frequencies and the Shannon - Wiener diversity
index (H'). For quantitative traits, Excel 2024 was used to compute the mean, maximum, minimum,
standard deviation, and coefficient of variation (CV). SPSS 27 was employed for correlation analysis
and principal component analysis (PCA). Origin 2021 was used for generating correlation heatmaps,
cluster diagrams, and PCA plots. Standardized data were utilized for PCA. The membership function
method was applied to calculate membership value, weight, and comprehensive evaluation D - value for
assessing phenotypic traits. [Results] For the 24 descriptive traits, 84 variation types were identified
(averaging approximately four per trait). H' ranged from 0.361 to 2.364 (average 1.275). The highest di-
versity was observed for fruit shape (2.364), and the lowest was for sepal condition (0.361). Developed
thorns, spreading leaves, and an oblique leaf base accounted for 75.93%, 75.31%, and 62.35% of the
branch/thorn traits, respectively. Thin peel and round fruit accounted for 75.93% and 41.36% of the
fruit traits, respectively. Fruit flavor exhibited six types: extremely sour (3.70%), sour (21.60%), sweet -
sour (21.60%), sour - sweet (25.93%), sweet (20.99%), and extremely sweet (6.17%). For 24 quantita-
tive traits, the coefficient of variation (CV) ranged from 5.82% to 51.15%, with the largest variation ob-
served in single fruit weight (51.15%) and the smallest in peel lightness (L*, 5.82%). The average stipu-
lar spine length was 4.75 mm (CV = 32.92%, max: 10.82 mm RQ3, min: 1.97 mm TJG15). The average
straight spine length was 18.11 mm (CV = 32.59%, max: 43.93 mm LP3, min: 4.82 mm LP12). The av-
erage secondary branch length was 20.93 cm (CV = 26.93%); the average number of secondary branch
nodes was 7 (CV = 23.56%); the average length of fruiting shoots was 97.27 mm (CV = 29.05%); and
the average number of leaves per fruiting shoot was 10 (CV = 24.11%). The verage leaf length was
27.94 mm (CV = 24.97%), the width was 14.21 mm (CV = 25.69%), and the thickness was 0.14 mm
(CV'=19.48%). The coefficient of variation (CV) of petiole length was 40.18%, the CV of petiole diame-
ter was 34.79%, and the CV of leaf area was 41.61%. The average relative chlorophyll content was
54.25 (CV =13.87%). The average fruit equatorial diameter was 15.21 mm (CV = 16.41%), the polar di-
ameter was 16.36 mm (CV = 19.52%), the stone length was 10.82 mm (CV = 18.55%), and the stone
width was 7.09 mm (CV = 14.61%). The average stone weight was 0.56 g (CV = 34.89%). The single -
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fruit weight reached a maximum of 7.38 g (QS4) and a minimum of 0.51 g (LP8). The stone weight
reached a maximum of 1.44 g (QS9) and a minimum of 0.14 g (LP7). Most quantitative traits showed
significant or highly significant correlations. The stipular spine length exhibited a highly significant pos-
itive correlation with the straight spine length (P<<0.01) and secondary branch length. Leaf length
showed a highly significant positive correlation with leaf width, as well as significant correlations with
petiole length, diameter, and chlorophyll content (P<<0.05). The leaf area was significantly correlated
with fruit equatorial and polar diameters, and highly significantly correlated with single fruit weight.
Fruit equatorial diameter was highly significantly correlated with polar diameter, single fruit weight,
peel a*, b*, and C*. Peel a*, b*, and C* values were highly significantly positively correlated with each
other. The stone weight was significantly correlated with the stone width and length, and highly signifi-
cantly correlated with stone diameter. There was a significant negative correlation between secondary
branch nodes and the number of leaves per fruiting shoot. Cluster analysis divided the 162 germplasms
into six groups. Group I (119 resources) contained four subgroups: [ 1 (43 resources such as TKX13,
TKX9, TIG15, KR3, with consistent secondary branch nodes and normal full - flesh color); I 2 (73 re-
sources); [ 3 (2 resources: LP3, LP4, with dark fruit color and glossy luster); I 4 (1 resource). Group
IT included 30 resources, Group III contained 9, Group IV had 2 (TKX29, YXLM12), Group V includ-
ed 1 (YT6), and Group VI contained 1 (RQ28). PCA extracted eight principal components (PC1-PC8)
with eigenvalues >1 (5.803, 3.883, 3.023, 1.668, 1.386, 1.158, 1.074, 1.015), and the cumulative contri-
bution rate was 79.211%. PC1 (24.179% ) was primarily influenced by single fruit weight (loading
0.811) and fruit polar diameter (0.767); PC2 (16.180% ) was influenced by peel L* (0.766) and b*
(0.751); PC3 (12.595%) was influenced by fruiting shoot length (0.587) and secondary branch nodes
(0.553). Sixteen representative indicators were screened. The top six individuals ranked by the compre-
hensive evaluation D-value were: QS4 (2.182 3), QS9 (2.138 5), SF1 (1.474 9), SF2 (1.444 8), YTS5
(1.426 1), and YT7 (1.379 7). TIG4 had the lowest D-value (-1.576 4). [Conclusion] This study sys-
tematically evaluated the phenotypic diversity of 162 Xinjiang wild Jujube (Z. jujuba var. Spinosa)
germplasms. The descriptive traits had 88 variation types, with the fruit shape and stone pattern exhibit-
ing the greatest diversity. Quantitative traits had coefficients of variation (CV’s) ranging from 5.82% to
51.15%, with single fruit weight and leaf area being the most variable. The leaf area showed a highly
significant positive correlation with single fruit weight (» = 0.82). PCA extracted eight principal compo-
nents (cumulative contribution rate 79.21%), with PC1 mainly driven by single fruit weight and fruit po-
lar diameter. Six excellent individuals were identified using the membership function method. Xinjiang
Wild Jujube (Z. jujuba var. Spinosa) exhibits significant regional specificity in fruit, stone, and leaf
traits when compared with those in Hebei and Henan, possibly due to the unique climate, soil, and eco-
logical adaptation. High variation in single fruit weight and excellent individuals offer advantages for
fruit size improvement and yield exploration. A significant correlation between leaf area and single fruit
weight suggests adaptation to arid environments by regulating leaf photosynthetic area and efficiency,
offering special genetic materials for high- photosynthetic- efficiency breeding in arid areas. The
screened excellent individuals can be used as core breeding materials.

Key words: Ziziphus jujuba var. spinosa; Xinjiang; Germplasm resources; Genetic diversity; Compre-

hensive evaluation
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Table 1 Xinjiang wild Jujube germplasm sampling location
e o o
Sampling location 25 FEON SO RARE W HE RS R 5
- R . Number of Abbreviation Serial
Hh X o Latitude Longitude
- 248/ Township/Village samples collected code number
Region
& A X FE 5038 B Ay AT 42.79947  88.83276 30 TKX1~30 1~30
Turpan prefecture Xiremu village, Toksun county
FE e idh-EL T 5 A A 4278826 88.55281 3 BSTI~3  31~33
Bostan jigedai village, Toksun county
Rl 52 530 X T 7 E o A 41.32227  80.16758 10 WSI1~10  34~43
Aksu prefecture Yingba village, Wensu county
KA RAI S 41.23887 8041216 15 YXLMI~15  44~38
Yixilaimugqi township
W M X VR B R T 4280638  93.60701 17 TIGI~17  59~75
Hami prefecture Qiaomai zhuangzi village, Taojia palace town
B Hb X HIEEGT B 39.03467 8831573 32 RQI1~32  76~107
Bayingolin mongol Tikanlik town, Ruogiang county
autonomous prefecture
WA Hh X A R A H TR 39.176 42 76.61479 9 QS1~9 108~116
Kashgar prefecture Qise airike village, Yopurga county
T L R A 39.24757  76.88426 10 KRI~10 117~126
Kure village, Yopurga county
R Ui 2 39.522 63 76.134 96 2 AWTI1~2 127~128
Awati township
B Bl 2 39.40577 7576523 9 SF1~9  129~137
Zhanmin township, Shufu county
I HA X IR R R 2 37.10253  80.54736 17 LP1~17 138~154
Hotan prefecture Baishituogelake township, Lop county
THESGFFEILE 36.81961  81.51870 8 YTI~8  155~162

Xianbaibazha Town, Yutian County

2 BRRRIRBIMERIBIRR O RARE
Table 2 Wild jujube germplasm grading standard of descriptive traits

AR Traits 3 ihniE Grading Criteria
J B2 JEE Peel thickness 17 ;213 )% 1 Thin; 2 Medium; 3 Thick
RSZHIR Fruit shape VI ;2 e [ < 3 A IR 4 BR AT 5 5 481 9P 17 s 6 K I + 7 AL « 8 AL T

1 Round; 2 Oblate; 3 Elliptical; 4 Ovoid; 5 Obovoid; 6 Oblong; 7 Cylindrical; 8 Oblate-cylindrical
R AZifh Flesh color 1 A2 JR 40 340 1 White; 2 Light green; 3 Green
FSZAMK Fruit flavor 1 BRI 5 2 T2 5 3 TR T s 4 TR 5 S it s 6 Al

1 Extremely sour; 2 Sour; 3 Sweet and sour; 4 Sourish-sweet; 5 Sweet; 6 Extremely sweet
JSZFUE Fruit color IR FARVEARKE SARY B/ 3N

RJF IR Fruit shoulder shape

RITZIR Fruit apex shape

TGS B Fruit surface smoothness

H G E Lenticel density
FEIK/N Lenticel size

1S % Stem cavity width
TEEEVR Stem cavity depth

1% ¥ Stone shape

1%4( Stone pattern

1 Light red; 2 Red; 3 Purple-red; 4 Deep red

1°F;21"y 1 Flat; 2 Convex

11M;2°F;3%R 1 Concave; 2 Flat; 3 Pointed

1532 9153 %5 1 Sparse; 2 Medium; 3 Dense
17829153 °K 1 Small; 2 Medium; 3 Large

14%:2 ;37 1 Narrow; 2 Medium; 3 Wide
17%;:2 9537 1 Shallow; 2 Medium; 3 Deep
1 s 2 B 5 3 P I s 4 BUAHETE 5 5 iR A s 6 51 97
1 Round; 2 Elliptical; 3 Ovoid; 4 Conical; 5 Fusiform; 6 Obfusiform
1 TCI A0 2 0 5 3 R K s 4 TR s S TR I

1 No obvious nuclear striations; 2 Shallow and short; 3 Deep and short; 4 Deep and long; 5 Shallow and long

163 s 2 A% s 3 FEE 1 Smooth; 2 Rough; 3 Raised
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Table 2 (Continued)

AR Traits 3 it Grading Criteria

#FOIRAS Sepal condition
3 IRAS Stigma condition
£l #IR L Thorn presence

I+ A Bt Leaf color

T )6 Leaf glossiness
R4 Leaf condition

I+ JEAR Leaf shape

2R FAR Leaf apex shape
5K Leaf base shape
2 IR Leaf margin shape

17452

L A5 A7 2 5% A7 : 3 7% 1 Persistent; 2 Remnant; 3 Abscised

LIEAF : 2547 ;3 i 7% 1 Persistent; 2 Remnant; 3 Abscised

1J6:2 AN K3k ;3 /KIZE 1 Absent; 2 Underdeveloped; 3 Developed

£k;3 VR4, 1 Light green; 2 Green; 3 Dark green

1 K5 52 806 5% 53965 1 Dull; 2 Relatively shiny; 3 Shiny

1 &3;2°F)# ;3 x4 | Clasping; 2 Spreading; 3 Reflexed

IR 5 2 BRI 5 3 UIDIR$ 4T 7 1 Elliptical; 2 Ovoid; 3 Ovate-lanceolate

1814232 593341193 ;4 2R [U] 1 Acute; 2 Obtuse; 3 Blunt; 4 Emarginate

1ETE ;2 098 ;3 #0E ; 4 FIBEIE ; S liAHE 1 Round; 2 Cordate; 3 Truncate; 4 Round-cuneate; 5 Oblique
1 88514 : 2815 1 Acute serrations; 2 Obtuse teeth

AL ER i B AT e b, IF I GRS 1R IR
(35 pR BE AR AE AN ER A VA DR

2 HiIR50H

21 REMRSEMED
162 473 B AU 57 52 5 AR SR SI A 2% R AN

¥ 24 A 4 3R R PR I8 A% 22 FEPE S ih 45 SRR W (R
3, FRUPREI AR M. 24 MER
R SR S R AT 84 AN, PR S R 44, 3%
B 162 47 B AL Al ot B At R R VE AR AL R SR
RITEARIAL R I3 A7 vy ik 8 4 s SRR TR AR 2%
TERAZ R A 24> 24 MR 2 4%

&3 162 BELEMRFTIRRE KR EHRIFI A RIS R SRR

Table 3 Frequency distribution and diversity index of fruit, branch, needle and leaf traits of 162 samples

of wild jujube germplasm

N A 4347 Distribution frequency/% £ REE
AR Traits "
1 2 3 4 5 6 7 8 it o4

J R JEFE Peel thickness 51.85 12.96 35.19 1.404
SSZIEAR Fruit shape 41.36 6.17 24.69 5.56 6.79 10.49 123 3.70 2.364
G0 Flesh color 15.43 62.35 2222 1323
HLE2 Xk Fruit flavor 3.70 21.60 21.60 25.93 20.99 6.17 2357
HSFi 0 Fruit color 16.05 43.21 16.05 24.69 1.869
FJE IR Fruit shoulder shape 56.17 43.83 0.989
RITHIR Fruit apex shape 35.80 59.88 432 1.169
TRTH Y635 B Fruit surface smoothness 85.80 2.47 11.73 0.684
JAUE B Lenticel density 15.43 10.49 74.07 1.078
45K/ Lenticel size 92.59 5.56 1.85 0.441
HH:) E Stem cavity width 20.37 22.84 56.79 1.418
FEVEVR Y Stem cavity depth 38.89 34.57 26.54 1.568
#%JE Stone shape 24.69 49.38 9.26 13.58 3.09 1.865
#%4L Stone pattern 11.11 25.31 25.31 20.37 17.90 2.267
2 HOIR# Sepal condition 1.85 3.70 94.44 0.361
S IRF Stigma condition 3.09 64.20 32.72 1.093
EFHILIRIL Thorn status 1.23 22.84 75.93 0.863
I B € Leaf color 13.58 38.27 48.15 1.417
I )7 5 Leaf glossiness 25.93 39.51 34.57 1.556
M HIRZS Leaf condition 2.47 75.31 22.22 0.916
A #24R Leaf lamina shape 37.04 24.69 38.27 1.559
23R Leaf apex morphology 0.62 3.70 49.38 46.30 1.236
HILJIR Leaf base morphology 34.57 3.09 62.35 1.107
22K Leaf margin morphology 40.74 59.26 0.978
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PEFe# (H)7E 0.361~2.364 2 1], P N 1.275. H
o, SR B A 2 AR 1 i AR KO 2,364, SR EH %
PRIR B A & (8L 2 PR A A, =2 IR
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FERAR
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162 173 FR ol 5 %2305 24 A Ham MR (a8t 4% 2 #F
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51.15%, Z M FE , Kb R R 22 7 R K
(51.15%) , 5 L* /N (5.82%) -

B IR 7 T, FE R B K A E 4 i
4.75.18.11 mm, 2% 53 R B I, 7353l 9 32.92% F
32.59% ; ¥L I FE B 5 9 RQ3 10.82 mm 5 TIG15
1.97 mm, B il & & #% {5 5 LP3 43.93 mm 5 LP12
4.82 mm. BEARMEARA, SR FE T A E 23
92093 em. 7 T, B R R BAK KN 26.93% Al

#4162 BEEERFNEER 24 MEMMRSHEM ST OF
Table 4 Analysis of diversity for 24 quantitative traits in 162 wild jujube germplasm

Ytk ;r‘f:ﬁjcﬁ FUME i Wit NliF LSS
Traits aximum Minimum Range Mean value Stangrd Coefﬁggnt
value value deviation of variation/%
FOHIK % Stipular spine length/mm 10.82 1.97 8.85 475 1.56 32.92
HEJIK % Straight spine length/mm 43.93 4.82 39.11 18.11 5.90 32.59
B Secondary branch length/cm 50.25 9.36 40.89 20.93 5.64 26.93
K Fruit spur length/mm 267.68 37.87 229.81 97.27 28.26 29.05
4 & Leaf blade length/mm 50.99 11.94 39.05 27.94 6.98 24.97
9 Leaf blade width/mm 25.43 6.28 19.15 14.21 3.65 25.69
7 JEJE Leaf thickness/mm 0.26 0.08 0.18 0.14 0.03 19.48
49 Petiole length/mm 5.62 0.30 5.32 2.48 1.00 40.18
-4 % Petiole diameter/mm 1.08 0.22 0.86 0.47 0.16 34.79
RS 1% Fruit equatorial diameter/mm 24.38 9.17 15.21 15.21 2.49 16.41
HESEYAE Fruit polar diameter/mm 2532 9.24 16.08 16.36 3.19 19.52
R\ 1% Stone length/mm 17.79 6.64 11.15 10.82 2.01 18.55
R 1% Stone width/mm 10.28 3.95 6.33 7.09 1.04 14.61
15 i Stone mass/g 1.44 0.14 1.30 0.56 0.20 34.89
HF & Individual fruit mass/g 7.38 0.51 6.87 2.23 1.14 51.15
B J L* Peel lightness 54.00 39.28 14.72 45.30 2.64 5.82
W57 a* Peel red-green value 21.18 7.97 13.21 13.94 2.30 16.51
B4 b* Peel yellow-blue value 23.18 4.70 18.48 12.72 4.14 32.55
B C* Peel chroma 4751 9.51 38.00 19.32 5.01 25.94
H 1% h° Peel hue angle 58.56 24.93 33.63 40.40 6.79 16.81
-2 2 AH XS % & (SPAD) 71.82 33.37 38.45 54.25 7.53 13.87
Relative chlorophyll content
Y Leaf area/cm’ 13.62 1.38 12.24 3.96 1.65 41.61
R 12 4 8 7 1.68 23.56
Number of secondary branch nodes
AL I R L 20 5 15 10 2.38 24.11

Number of leaves per fruiting shoot

23.56%; R AL B E N 97.27 mm. 10 fr,
A5 5 R BN 29.05%H0124.11%

W P PR 5 T, G S S L R 3 27.94
14.21.0.14 mm, %2 55 £ %1 19.48%~25.69% , J& T
LA R K U AR S PR AR FE N R E s AW
e VAR B K i TH AR AR 7 R G 0 40.18%
34.79%H1 41.61% , Fo A - THIAR 148 57 R ALAE 1

AR AR K i A B B AR AR B AR R
OofEbR, YME R 54.25.
SSPR gy T, R AR E R 15.21 mm, &
BAK16.41%; RLNFHIME N 1636 mm, %7 R
$019.52% ; LR R E AN 2.23 g, B 7 KA IL
51.15% s 4% i S 1H N 0.56 g, 22 53 R BN 34.89%
R BFERERT, L*{E 45.30, 48 7 20 5.82%,
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BONFEGE s a* b* C* ho3ME 53 7 N 13.94.12.72,
19.32.40.40, % 55 ZEUN T 16.51%~32.55% , AR 2
LR P SEEAE A .
2.3 HEMKBERMESH

1A LA Y, 8 AR i Hp A () 5 bR 2 )
TEAE S ZE A . FERHKC R S BRI B 2R R 3 I
MR P<0.0D), 5 ZIREKEEREZE IEMAHK, it
Fr S 5 B R AR IEAH S, S AR A

P AR RS B R R IEM L (P<0.05) . AN
RSk RSP R BB IEHE, SRR E
EE B, R s R is m R i .
B a* R b R O BB E A, R
a* B b B O AP AR IEAE G . K
RS RS RZAE R EE EMHX, SR
HARWE S EMHx. SRR HE
BE A,

FEHIHJE Stipular spine length 058 029 018 0.7 0.16 0.0018 0.28 -0.077 0.22 0.13 0.00630.023 0.049 -0.066:0.0079-0.067-0.026 -0.12 0.0730.021 -0.046 0.32 0.046)] L0
Bl Straight spine lengt |8 035 013 022 021 -0012 0.21 -0050 017 018 011 016 016 -0.18 -0.098 -0.16 -0.12 -0.19 0.077 014 -011 029 -0.03
TIRBKJE Secondary branch length [ % sk 041 043 028 0044 039 0078 024 030 011 021 017 -0.044-0082-0.13 -011 -012 012 019 -014 051 0081 0.8
A K Fruiting shoot length | * Aok 049 033 -0019 043 -017 035 022 0093 0.7 016 -0.0810.031 -012 -0.090 -0.12 0.A7 0.080-0.075 041 058
HH K Leaf blade length | * k@6 ofF 076 0017 061 011 0059 058 033 0.33 0.39 -0.0660.043 -011 -0.049 -0.17 0.23 0.31 -0.081 025 -0.074 0.6
-} %5 B Leaf blade width | * sk ek sk g2 010 038 015 0059 059 036 0.30 039 -014-0.071-014 -0061-0.14 032 024 011 012 -018 :
I Fi J5L 2 Leaf thickness -0.0024 0.25 -0.057 -0.17 -0.053-0.040-0.042 0.20 0.5 025 015 0.26 0.050-0.0730.0093-0.014 0.058)]
IR Petiole length |k sk ok ok B9 ok -0018 0.33 | 0.43 022 032 0.27 -0.062-0.034 016 -015 -0.14 0.087 0.26 -011 0.26 -0.02§ - 04
4 55 B Petiole diameter * ok 025 016 020 013 015 0.22-0.0060022 020 049 012 012 012 -0.10 -0.23
4% Z0M %75 7 Relative chlorophyll content | sk s sk sk Hk ok 0.069 0.065 010 012 -0.055-0.073 -0:16 -0:18 -0.084 0.038 2.0E-4 -0:11 0.22 0.19 - 02
H-THAH Leaf area * ok bk oD oD x gBR * 046 047 053 -0.15 -015 -021 -0.17 -022 032 038 0053 0.14 -0.29
9242 Fruit equatorial diameter ok ok *k % ok 084 095 0024 -021 -0.15 -012 -012 0.71 065 044 -011 -018 L 0.0
BLSE90 4% Fruit polar diameter * kk | kG0 kk *ok 5 4P 0.89 0.045 -0.13 -0-10 -0.079 -010 0.56 0.88 0.18 0.0081 -0.15 .
PR T B Individual fruit weight * | x| % GRR gRF *ok 0 o G 0.015 -019 -015 -0.12 -013 0.68 0.71 0.34 -0.0053-0.16
JLRZ L* Peel lightness * * *k 054 087 075 0.73 0095 0.0150.0012-019 0.038 0.2
W a* Peel red-green value *k *  of 068 070 0.30 -0.077-0.639 -0:11 0.042 0.10
B2 b* Peel yellow-blue value * $x DDOS r 4 089 0.79 0.0045-0.0940.0076-0.17 0.048 04
)% C* Peel chroma * (k% ri& 0.47 -0.012-0.040-0.048-0.062 0.13 :
L% h° Peel hue angle * * *ok * *ok &P 5% gP 0.053 -016 0.064 -0.27 -0.04
1 Jifi it Stone weight * ok sk ok g0 D 4D 048  0.61 -0.063-0.64 -0.6
A2 1% Stone length * ok dok % sk gD 4P &P * o 021 0.0028 -019
A% HE1E Stone width H x *F P 026 -017 -0.8
R %L Number of secondary branch nodes |k ek @0 gk tox ok ok * * % *% 0z
AL 4L Number of leaves per fruiting shoot &P * k) ok Gek) k * T 10
&?\0{3} QQ’}Q QQ’;\Q Q"y . §° &%% Q‘*& @\é .@0\ q’@‘z’ é}é e)\é .\509\ Q@%‘;" %\o@ %\‘5‘ eé& N%“ ) \é}“\' *&"\f ) \g& obe?" “QOO\
I T EFFE S STLS L LE FEF LS
Q& %('2\0 “&“@0\ \“‘B@ \%& ‘*@ N NS S *\\\ o fb\& (b‘b‘;@\\ @\\%%éy <, céo\x&e & \0&%@& fzﬁ‘& '{\“\%
KL o ;\‘0 X o S R I ;B N & & S 15§ ‘\@
& & S P TGRS N F P DRI RGBT
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*FIRAE P<<0.05 KT BRI  ++FIRAE P<0.01 KT B EE K.
* indicates a significant correlation at the P<<0.05 level; ** indicates an extremely significant correlation at the P<<0.01 level.
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Fig. 1 Heatmap of correlation analysis for 24 quantitative traits in 162 wild jujube germplasm
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5 ANE] 3 AE 162 477 1R L0 5T 1 24 e MR
HEAT AT T IS5 R o 4% HRRRAEAE KT 1 AR E,
LRI T 84N FH R4 (PC1~PC8) , FAFAEAE 43 75 K
5.803.3.883.3.023.1.668.1.386.1.158.1.074 F11.015,
FIFTTHRE N 79.211% . 55— 5 Tk e s, ik
24.179% , R AEAE 4 5.803 , oA B L 5 & (0.811) AT AR
SEAR(0.767) 8N e K, Ui B PRIR A PCT kR e 4
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Fig. 2 Cluster analysis of 162 wild jujube germplasm based on numerical type traits
=5 162 MEREMBREIFREER S 5 HTHIRK 2 H 5B E
Table S Component load matrix of principal component analysis for 162 wild jujube germplasm
PR F k57 Principal component analysis
Traits PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8
2 HLF  Individual fruit mass 0.811 0.411 -0.177 0.194 0.041 -0.083 -0.090  -0.024
RS AE Fruit polar diameter 0.767 0.416 -0.110 0.182 0.030 -0.262 -0.271 -0.070
RS 4% Fruit equatorial diameter 0.761 0.446 -0.274 0.198 0.048 -0.011 -0.037 -0.014
A Leaf area 0.707 0.089 0.072  -0.353 -0.180  -0.068 0.100 0.036
A% 1E Stone length 0.662 0.383 -0.137 0.117 0.072 -0.317 -0.239 -0.199
I F K J& Leaf blade length 0.658 0.059 0.431 -0.340 -0.328 0.068 0.086 -0.014
I % & Leaf blade width 0.628 0.083 0.214 -0.379 -0.274 0.162 0.348 0.026
1% & Stone mass 0.576 0.471 -0.166 0.309 0.132 0.277 0.248 -0.016
i Petiole length 0.540  -0.077 0432  -0.129  -0.176  -0.106  —0.091 0.374
- J% L* Peel lightness -0.338 0.766 0.355 0.068 0.024  -0.100  -0.035 0.133
1% b* Peel yellow-blue value -0.483 0.751 0.408 -0.023 0.047  -0.051 0.064 0.022
)% C* Peel chroma -0.405 0.661 0.433 -0.032 0.022 -0.139 0.125 -0.232
1% h° Peel hue angle -0.420 0.624 0.206 0.015 0.032 0.131 -0.011 0.366
K JE Fruit spur length 0.394 -0.189 0.587 0.398 -0.330 0.204 0.083 -0.025
TRBE T H Number of secondary branch nodes 0.228 -0.398 0.553 0.079 0.131 0.109 -0.108 -0.350
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%5 (4£) Table5 (Continued)

PR 4> Principal component analysis
Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
TRF K FE Secondary branch length 0457  -0.160 0.500  -0.078 0.138 0.161 0223  -0.051
B a* Peel red-green value -0.354 0.448 0493  -0.016  -0.055  -0.250 0.181  -0.228
AL I F 8 Number of leaves per fruiting shoot -0.151  -0.219 0.434 0.664  -0.191 0.189  -0.049  -0.255
B Straight spine length 0.360 -0.210 0.299 -0.161 0.669 -0.069 0.081 -0.047
FERIHK E Stipular spine length 0.257 -0.200 0.414 -0.083 0.655 0.010 0.247 0.053
v JEJE Leaf thickness -0.167 0.261 0.184  -0.011 0.148 0.485 -0.472 0.161
47555 Petiole diameter 0.079 0.411  -0.065  -0.423 0.036 0435  -0330  -0.135
FHHE4% Stone width 0.230 0352 -0.428 0.245 0.134 0.417 0.448 0.024
£ Z AN 7 & Relative chlorophyll content 0235  —0.245 0.314 0.397 0.075  —0.169  —0.023 0.574
5 EAH Eigenvalue 5.803 3.883 3.023 1.668 1.386 1.158 1.074 1.015
BTk % Contribution rate/% 24.179 16.180 12.595 6.595 5.776 4.826 4.475 4.230
R 0Tk % Cumulative contribution rate/% 24179  40.359 52.954 59.904  65.680  70.506  74.981 79.211

FFE{H Eigenvalue

L L L L L L L L

L

L L L L L L L L L L L L |

L
1 2 3 4

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

PIRHEF Trait ranking
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Fig. 3 Wild jujube germplasm scree plot of principal component analysis for 24 quantitative traits

I3 DTHR R N 12.595% , R AEAH N 3.023, A K
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5 E A AT 2 A Fa b, M Bk A FE A fE L 0 ik
H S ANE AR ESR AR, T FH T 1) A VP4 R A iR &
TR AR 24 R MR, LA R (0.8 11D [ #ifar
i 0.80, /& TR AR ZER M EERFEK.
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AR R B, R A B R R O 4 S (]
Ao T RBERE AL s 1A B, KR
SEB I PR LT EaEE A BT REE AR
TG AU AT A, S R SR SR P S A A
PO TR T A . B TIIE T 32 40 A 1 Ji s i /2
T R B 2 RRIE . BB IVISHEE
BRI S A N, B A R A K AR IA
BT Z GRS RmERE. 4 3 AP

L EARIAS [ AR A8 bR 2 TR AR SG 1 o F AR B
RS AR R SEOME I T AR AR TR
1A BB o BB A 08 SR A AR S5 FR AR AE 2
J53 2 HEUE & EEOR, SR 4 iR a5 AR — S
X 162 473 R 2 57 2R 1K) 24 A Fi MR E i ik
IThRAEA AL EE , TH 5 22 B 0P DAE (R 60, Bk 3R
ZEE VP DA R /NKE 162 43 B2 2 it 5 538 AL 14 AR
HATZRE VAN, DAE R R B H g5 G R Gr . 77
T ER A BRI 6 M HAR (& 5, Hod QS4 1 D
fE IR (2182 3) , iz o BoA SRR EH VeI AE KR
1K PR R SRR A QS9(2.138 5) Fl it A
AR R AL DTSSR A SF1(1.474 9O F
SF2(1.444 8) PR /™ Fh Jig A B S A50K 260, 1 35 55
B YT5(1.426 DAIYT7(1.379 7) B A Il 2 Aii
P15 HAE K SR S TR PRI TR S P T 6 A R A
TIG4 i) DAE FAR (—1.576 4) , Z PP J5i 32 R R A -



2 p ~
1734 S R S 4 F43%
-0.2 0.0 0.2 0.4
I I I
SLEZL*Peel lightness — 04
5+ iizb*Peel yellow-] lue
el g . |
HLRza*Peel re value @108 H7 i Stone weight
o @31
) il Pte‘lﬁhags' ) 24\ @11 o bt gspione with® 160 R — 0.2
OF WA diameter Q16 [ ial diameter
L2 IR e pickness | 98 PY A r diameter
= s 97 73 5 B 9128 . - B
é ox“ﬁﬁ:yua” o 1 — . 310 i dividual fuit weight oo
© Ozbg QB 2 e jidth
z 0 75 "'"0”\:“ CLE =l JIiE 1 KL eaf blade length 0.0
T .
o ’ @ity L T T T— - L
8 @29 @ 96 23 7 DB caf area
g i - . i i
o5 ERIVG © aas B50%' 9 TR g TN g gt spine lengt
915 @61 8 PAY 65, D 1405 @106 C AL
@382 g §? § L5 # 9 Relative chloroplyll tontent
09‘,9“ & 1 ¥ Secondary branch length - -02
Q144 @794 EFruiting shoot length .
S @ 11T Stpular spine fength
{17 ¥Number of secondary branch nodes Leaf Measurements i
-5 @142 °1s1
-1 -0.4
| | | | | | | |
-6 -4 -2 0 2 4 6 8 10

PCI (24.1%)

1~162 4K 162 Gy BRA RN T BE RS 5, VEAR AR 1o 00 A MDA IR A il

Numbers 1 to 162 correspond to the serial numbers of 162 sour jujube germplasm resources, with details shown in Table 1. Upper, right axes

represent trait loading axes.
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Fig. 4 Principal component sample and Two-Dimensional principal coordinate scatter plot of 162 wild jujube germplasm
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Table 6 The top 20 comprehensive score of 162 varieties of

wild jujube germplasm

i LRER  H4 gy EREEEwiy Y
No. Comprehensive Ranking || No. Comprehensive Ranking
score (D) score (D)

QsS4 21823 1 LP13 1.1813 11
QS9 21385 2 KRS 1.1478 12
SF1  1.4749 3 KR4 1.1010 13
SF2 14448 4 BST3 1.0794 14
YT5 14261 5 TIG17 1.060 6 15
YT7 13797 6 LP10 09881 16
KR10 1.2894 7 QS2 08541 17
YT8 1.2843 8 YT3 08371 18
YTl 1.2356 9 KR1 0.8283 19
YT6 1.2118 10 SF9  0.8146 20

SRR I
30 W

AT T T 6 AN [X 1 162 4T 2R R 4T
T RGN EAR T 555500, 8 T HE e
A 22 REVERAE , 9 J 42 W VR P 5 1 N 4 24
TR, BT L, B M O R R S B
[ 2 S IR b 5 2 T 525 1 b sl S 4 ,

A SR b TR S A G X I 9 45 SR AR AE
B Ak, IX AR AT 6 -5 8 BB AR 1) S R I
i A U P A A 3 N T RR 2 DA 9
TESSEVEAR T T, B R IR R R R E R T R
1K 51.15%, 52 3 @ T db HL X (37.71%) , A #k
QS4.QS9 H B Jifi & fix Kk 7.38 g, izt R A AL B 1)
SRR (2.1~3.5 7, X — E R A e 5 iR B AR
ZE R G TR R I SUBSA O% $R 7 T R IR e IR
SR e RO TR BRI . AR R R B
B M SCREAE o o 5 R R AL AR SRR S8 (8 43001
4910.82 mm 5 7.09 mm, )i 548 55 R ECH 34.89%
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AL 1) 5 U e T S % 52 B [ T 398 5 BT N
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SIS FR & b E A BE AT B, 3 X S 2
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A.QS4;B. QS9;C. SF1;D. SF2;E. YT5;F. YT7.
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Fig.5 6 optimal wild jujube germplasm
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