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Abstract: To understand the variation characteristics of fruit phenotypic traits of jujube resources in Inner Mongolia, China, and
identify elite germplasm resources, this study deployed statistical analysis, variance analysis and correlation analysis to analyze the 10
jujube natural populations. The kernel value was comprehensively evaluated by hierarchical grey relational method. The results
showed: (1) The intra- and inter-population phenotypic diversity of jujube resources was abundant. The average coefficient of 16 fruit
traits was 17.96%, and the variation richness of kernel-related traits were particularly predominant. (2) Correlation analysis showed
that there were different degrees of correlation among the traits of the fruit, stone and kernel. Fruit and kernel size were positively
correlated with longitude and latitude, and negatively correlated with altitude. The single kernel content rate was negatively correlated
with the mean annual temperature. There was no significant correlation between the effective medicinal components of kernel to
latitude, altitude, longitude and average annual rainfall. (3) The comprehensive evaluation model was established by hierarchy-gray
correlation method. The evaluation results showed that the comprehensive quality for kernel-using from 10 jujube natural populations
was: P8>P5>P1>P7>P2>P9>P4>P3>P6>P10. Among which, the population from Hangjinqi-Wujier of Erdos have obvious
advantages compared with other populations. This study provided a scientific basis for the protection and utilization of jujube
resources and breeding of kernel varieties.

Key words: Inner Mongolia; jujube natural population; genetic variation; kernel-using germplasm; comprehensive evaluation
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Fig. 1 Distribution of jujube natural populations in Inner Mongolia
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Table 1 Basic information of 10 jujube natural populations sampling site in Inner Mongolia

) IR
JETE - HO R A MK
KA R (m) CH FEBIPERNE (mm) A SR
Populatio Geographic Sample
Sample locality Altitude Average Annual rainfall Habitat description
n coordinates numbers
temperature
PRI T
P1 111°33'E, 40°49'N 1106 1.3 300 1L A RH 4 5
] R X 2 A
IR RS 1l 111°24"-111°26'E, eSS et
P2 1050 7.4 410 ) 5
THARMEEE 2 39°54'N JEAE e PRV R IX
STV IRETE 0k
P3 B RS BN i T 108°56'E, 40°38'N 1075 5.3 225 Ly i H St AR 6
3]
STV TRETE 0k
P4 S R L 0 /R 4 106°39'E, 40°54'N 1118 5.7 184 93 L i S R 5
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] 7 3 B BT o 3 105°40'-105°43'E, B 1L VG EE K VA AR PR

P5 1377-1541 7.6 200 11
JHE EL I ol A7 38°28'-38°32'N Jli s
] 7 2 5 AT 437 3
P6 104°55'E, 37°45'N 1397 8.0 176 A ELYD Hh UG R 2% 5
THEEARR B3 L Y
SRR 2 W i AR /R
P7 111°6'E, 39°22'N 852 7.5 400 - R AR X 5
iy AL GNEPL]
BRR 2 W AR
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i
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Table 2 Statistical data of jujube fruits traits from different natural population in Inner Mongolia

R FHE
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Trait Average
0.53+ 0.69+ 0.63+ 0.39+ 0.55+ 0.35+ 0.61+ 0.51= 0.90+ 0.38+ 0.61+
N W ) . ) . ) . ) : X ) .
BRT (P S 0.09¢d 0.06b 0.19bc  0.07def 0.15bc 0.12f 0.08bc  ° 0: od 0.10a 0.03ef 0.21
) 1083+ 1137+ 1237+  10.79+ 10.94+ 9.34+ 1178+ 1191+ 1332+ 1116+  11.67+
S0 42
RIHUE (mm) FLD 0.65¢ 0.80bc  0.86ab 0.54c Lllc 1.49d 0.54bc  0.92bc 1.05a 0.84bc 1.46
10.19+ 1038+  10.64% 947+ 10.45+ 9,01+ 1102+ 1135+ 1244+ 1053  10.85%
SRR FTD
RSB (mm) 0.43bc  0.18bc 0.43b 0.84cd 0.93bc 1.43d 0.31b 0.56b 1.00a 0.54bc 1.30
— 1.06+ 1.10+ 1.16+ 1.15+ 1.05+ 1.04+ 1.07+ 1.05+ 1.08+ 1.06+ 1.08+
ERFRH FSI
0.02ab  0.07ab 0.06a 0.05ab 0.08b 0.08b 0.06ab 0.05b 0.10ab  0.03ab 0.08
- 0.19+ 0.26+ 0.23+ 021+ 0.23+ 0.13+ 0.27+ 0.26+ 0.28+ 0.19+ 0.23+
%
FZ T (g) SSW 0.03bc  0.04ab  0.07ab 0.06ab 0.07ab 0.05¢ 0.07ab  0.04ab 0.06a 0.02bc 0.07
8.39+ 8.81+ 8.91+ 8.26+ 831+ 7.78+ 8.74+ 8.64+ 9.60+ 8.53+ 8.74+
NI
B L (mm) SLD 0.47b  0.548ab  0.80ab 0.76b 0.84b 1.33b 0.46ab  0.58ab 0.92a 0.67ab 0.94
6.42+ 6.37+ 6.68+ 6.47+
711 6.10+ 6.63+ 6.03+ 6.91+ 6.90+ 6.62+
e
Pefi (mm) STD 0'2(? % 06 0'4§b° 026cd  049abc  0.68d  0.33ab 0'4:ab 0526 02 dlbc 0.52
131+ 1.24+ 1.40+ 1.35+ 1.26+ 1.29+ 1.26+ 1.30+ 1.40+ 1.32+ 1.32+

R4 SSI

0.03ab 0.07b 0.08a 0.07ab 0.12ab 0.08ab 0.02ab 0.11ab 0.15ab 0.08ab 0.12



100.00 68.72+

98.18= 9848+ 9933+ 8644t 6453t  100.00+ 9937+  69.33=  90.18+
A f— 27 (0, +
A (%) KCRS 0,008 1.29a 236a 1.49a 2735 25.02¢  0.00a 12':5b 122a  617bc 1821
0681 8722+  9237¢ 9933  7744¢ 6339 8048t O10% gri0r eraie s247e
=3 (%) SKCR : ) : : . ’ : 13.95¢ . : i
3.60ab  7.65abc  6.07ab 1492  2633bcd  23.05d  8.42abed | 11.98abc  6.17cd  17.62
319+ 1097+ 611+ 8.82+ 114+ 19.82+ 333 1227+ 267+  7.88+
224 (0,
ZA-H (%) MKCR 360b  826ab  5.56b 0.00b 10.66ab  2.55b 8.42a 7.46b  11.92ab  3.65b 9.71
5.32+ 6.00+ 5.63+ 5.75+ 5.46+ 358+ 551+ 6.20+ 6.38+ 6.08= 5.85+
e . ! . . . . . . .
FHZHAf%(mm) KLD 025¢  0.19abed 0.69cde  0.10bcde  0.41de 0'1e9°d 0.24de  0.16ab  0.50a 0'23*”’ 0.53
432+ 507 464+ 436+ 450+ 457+ 494 518+  494= 449+  474x
iz
AR (mm) KTD 0.13¢ 02la 038  0.19% 0.28¢ 026c  0.06ab  0.07a  029ab  0.19 035

FA- T (g) TKW

2R A S E(%) JAC

27.12+ 28.93+ 22.75+ 28.68+ 27.19+ 21.46+ 28.05+ 2597+ 2891+ 18.87+ 26.37+
5.59ab 3.08a 4.73abc 1.97a 4.75ab 1.52bc 5.07ab 7.31ab 5.81a 3.35¢ 5.55

0.05+ 0.046+ 0.048+ 0.044+ 0.044+ 0.038+ 0.046+ 0.05+ 0.039+ 0.031+ 0.043+

0.01a 0.00ab 0.00ab 0.01ab 0.01ab 0.01bc 0.01ab 0.01a 0.00bc 0.00c 0.01
P R SR (%) 0.058+ 0.07+ 0.07+ 0.092+ 0.11% 0.072+  0.076+ 0.09+ 0.093+  0.046+  0.083x
KSC 0.01bc 0.01bc 0.02bc 0.04ab 0.04a 0.0lbc  0.0labc  0.03ab 0.02ab 0.02¢ 0.03

F PR AT e, FITAR P RER R ZEREE (P < 0.05) ; SFW: PGLE; FLD: R9YE: FID: RSLkifs: FSI RAIEH: SSw:
MG, SLD: BY\fE: STD: #%M4%: SSI: ZBUFEH: KCR: &1 %; SKCR: #{ 3, MKCR: %{.%; KLD: M{_4\fF: KTD: F fi#F; KT:
FZTHRIE; KSAC: M 2H A &h; KSC: MM nER & T

The data in the table is mean + standard deviation, different letters in the same column indicate significant difference (P << 0.05). SFW: Single fruit weight; FLD:
Fruit longitudinal diameter; FTD: Fruit transverse diameter; FSI: Fruit shape index; SSW: Single stone weight; SLD: Stone longitudinal diameter; TD: Stone
transverse diameter; SSI: Stone shape index; KCRS: Kernel content rate in stone; SKCR: Single kernel content rate in stone; MKCR: Muti-kernel content rate in
stone; KLD: Kernel longitudinal diameter; KTD: Kernel transverse diameter; KTW: Thousand kernel weight; KJAC: Kernel jujuboside A content; KSC: Kernel

spinosin content, The same as below
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PR FE bR B R T (B AR o 0 — 2D X S [ J i 1) SR S MR AR S O EAT 0 AT mT 1, SR SR MR AE =
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Table 3 Variation coefficients of jujube fruits traits from different natural population in Inner Mongolia

R EME
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Trait Average

B (g) SFW 16.99 8.45 29.54 17.46 27.90 35.51 13.52 8.94 10.82 8.11 17.72

Y% (mm) FLD 6.02 7.87 6.94 4.97 10.12 15.94 4.62 7.76 7.88 7.51 7.96

HSEHE 4% (mm) FTD 423 1.76 4.05 8.83 8.88 15.91 2.78 4.97 8.01 5.12 6.45

FAFEH FSI 1.95 6.26 5.45 4.48 7.92 7.75 5.33 431 9.34 291 5.57

Hi% E (g) SSW 17.71 14.08 30.90 27.56 30.23 38.07 26.43 15.12 20.13 10.05 23.03



% H\ 4% (mm) SLD

o

% 4% (mm) STD
AR H SST
&% (%) KCRS
A H(%) SKCR

£ 172 (%) MKCR
=942 (mm) KLD
R A 1% (mm) KTD

FiA=TRLHE (g) TKW

B A S E(%) JAC

PRI B 3R & 5 (%) KSC

SFI3{E Average

20.61

14.14

22.48

15.00

6.10

0.77

6.06

4.11

10.63

11.91

10.10

11.04

9.00

7.09

5.61

2.39

6.57

90.90

12.31

8.20

20.81

8.45

29.97

17.39

30.49

42.38

10.69

31.64

34.00

120.86

7.60

6.13

17.48

21.18

40.66

24.48

17.09

11.20

6.24

38.77

36.36

223.61

7.10

22.02

11.62

31.01

5.22

4.73

1.42

0.00

10.50

42.47

4.30

1.29

18.09

19.44

15.00

10.95

8.20

18.12

20.64

223.61

2.63

1.37

28.14

14.14

32.39

25.22

10.77

1.23

13.75

97.12

7.89

5.80

20.11

12.58

18.82

16.34

7.84 8.65
3.29 5.63
5.84 6.16
8.90 10.39
9.19 14.50
136.93 112.37
4.82 5.25
4.32 4.42
17.77 16.76
8.30 16.27
39.61 26.30
17.53 17.96

F BT 7 ZEXANE] B AR B R A R SR AR M A B AT i (k4D Tt — D HER)E
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{ARBRAH DG TT 2200 B M T (18.31%, [EHEN956.14%. MRBMERE (V) KE, BRI R G
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Table 4 Variance components and differentiation coefficients among/within populations of jujube fruits traits in Inner

Mongolia
HESE HEFBEEHE (%)
REGWERE Ve (%)
Variance component Percentage of variance component (%)
AR Differentiation
FER¥E RN JEFFI] RN
Trait LR LR coefficient of
Among Within Among Within
Error Error phenotypic traits (%)
population population population population
HLH(g) SFW 0.2709 2.7775 0.706 7.21 73.98 18.80 8.89
FEYF (mm) FLD 19.8965 122.9518 54.445 10.08 62.32 27.60 13.93
F 4% (mm) FTD 28.2816 84.4067 39.0650 18.64 55.62 25.74 25.10
RAFREL FSI 0.0131 0.4008 0.321 1.78 54.54 43.68 3.16
% H (g) SSW 0.016 0.2781 0.179 3.39 58.78 37.83 5.45
%Y 1%(mm) SLD 5.0012 53.8802 38.2140 5.15 55.49 39.36 8.49
Wit 4#%(mm) STD 0.9053 16.4334 11.121 3.18 57.74 39.08 5.22
AR SSI 0.0232 0.8592 0.659 1.51 55.74 42.75 2.63
12 %(%) KCRS 0.0916 2.1161 1.082 2.79 64.32 32.89 4.15
H1{Z 2 (%) SKCR 0.1787 1.8946 1.288 5.32 56.37 38.32 8.62
Z1~2 (%) MKCR 0.018 0.6109 0.432 1.70 57.59 40.72 2.86
=9 4%(mm) KLD 5.4388 13.5103 9.131 19.37 48.11 32.52 28.70



Fi{Z 1% (mm) KTD 1.2163 6.9715 3.581 10.34 59.24 30.43 14.86
AT TRLHE (g) TKW 0.003 0.5659 0.359 0.32 60.99 38.69 0.52
B A EE(%) JAC 0.0009 0.0041 0.003 1127 51.18 37.55 18.05
P77 R 3R (%) KSC 0.0003 0.0619 0.039 0.28 61.16 38.56 0.46
SEIME Average — — — 6.39 58.32 35.28 9.44
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Fe MR 16 SRS AR B T E AT AT, AR ER (B2, B, B, Ao Rdt
1o E A AR AL A FRE L ROARCHE, b BURE SRR PRE, REARIE. S1%,
AR MPBEREI bR 2D EMHSE (P<0.01) , S8R5 SR KRk 2 0 3% EAH
K (P<0.05) ; F-PREEF A FESMCHIEEBZE MK (P<0.05) , APl finR& &SR RE R
PR BZIEMENE (P<0.05) , B A SRSHAER S EEMEF LMK (P<0.01) o HILFHI,
RSERAN BRIEZKRD AP EE . PSRN S5 00 S R A BARR . PRI AR R G &R,
P2 R & i Z A AE S IE R R &R

HF e BESMORIRAFAR LI HT, AR R SEER S VPN P AR R SR AL IR o IR AT TEAH DG 43 45 SR vl
B, RS R RSB AR R A GRR R B, R RS S AL D HR AR R BME B E SN, K S5
GGV R, A B AR RARARHEAT AL, AR S VPN R . AT T H KR B A R U
ISV, SAE RSP R BRI TR A R R, e, BORREL . BT,
L4250 FRACHERIER RVCE. MORR, M TFRE, Mt A SR, MOl EinR SR 1
AT R R VP 75 8 1) DG B R A

%%f}}\%(mm) FLD | o078 .‘ “‘* . . . . o © © © : 0.8

000 ¢ ¢06
® ¢ o
@00 - -

- 0.4

Msmmq.|h.* N r o
0.63 u.eo‘ *,m % "ok L 02
F 0
o0 *

B~ % (%) SKCR 0.5 ‘ * L 0.2

R4 (mm) FTD | 081 082 .
REHEH FSI

B (g) SSW | 066 | 064 065

Y 4E(mm) SLD | oes | 0.90

HiRi{%(mm) STD | 061 057 o0ss
R4 SST 0.62 0.70 0.72

1 (%) KCRS | 047

24~ (%) MKCR

—0.4
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Fig. 2 Correlation analysis of different jujube fruits traits in Inner Mongolia
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Table 5 Correlation between fruits traits and ecological factors of jujube in Inner Mongolia

R 1 3 G R FEBHRE FEYHFENE
Traits Longitude Latitude Altitude Average temperature Annual rainfall
BT (g) SFW 0.484 0.481 -0.607 -0.128 0.389
Y% (mm) FLD 0.578 0.706* -0.698* -0.056 0.386
PSR AE (mm) FTD 0.632* 0.603 -0.667+ 0.063 0.458
RAEH FSI -0.057 0.366 -0.183 -0.264 -0.136
PLI% i (g) SSW 0.325 0.403 -0.476 0.128 0.383

% I% (mm) SLD 0.695* 0.738* -0.798%* -0.064 0.526
4% (mm) STD 0.450 0.219 -0.446 0.211 0.667*
B4R %L SSI 0.350 0.701* 0.477 -0.348 -0.147
1% (%) KCRS 0.170 0.396 -0.403 -0.569 0.200
P~ (%) SKCR 0.053 0.459 -0.247 -0.744% -0.029

£ 4~ (%) MKCR 0.296 0.018 -0.452 0.195 0.538

F -9\ (mm) KLD 0.571 0.585 -0.545 0.416 0.368
A% (mm) KTD 0.140 0.017 -0.220 0.511 0.295
A= FHLE (g) TKW -0.073 0.152 -0.144 -0.249 0.008
AT A B8 (%) JAC -0.486 -0.207 0.382 -0.422 -0.326
B3 1 5 B i (%) KSC -0.399 0.177 0.237 0.255 -0.486

2.5 BR-IRBREKEEZATNATREERECRAmR
PPN R R TR FIBTAE R (— Bkt CR<<0.10) , HRFEAAEE T
iR (R 6) o ik 6 ArA, A IERIEAAUEAE A 0.895, RAZVEIRIEFFALEE N 0.105, HiE PR T

RS/ R R oy

PR AR EZEAN R 7o A 12 DI EIRIR b, MR R S B R A SRR R
EFM R R s, AV TRE, SR OB LR NEZ RS, BRE, BR, 208 %
RIS NN it E =k /S € = A
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Table 6 The divided layer structure model for jujube kernel-using evaluation



HiZE A AWEB E R C WE SANE Hr
Target layer Constraint layer ‘Weight Standard layer ‘Weight Comprehensive weight Order

At RAZ FH IR Lt 5T FAZIER 0.105 HA%E 0.026 0.0027 7

N 0.004 0.0005 10

B4z 0.005 0.0005 9

[EREE R 0.005 0.0005 9

HFER 0.046 0.0048 4

AR 0.009 0.0010 8

EZme: 0.009 0.0010 8

AR 0.895 -z 0.031 0.0276 6

pE e 0.042 0.0373 5

R TR 0.133 0.1189 3

PR A B 0.353 0.3163 1

I R A 0.337 0.3013 2

R TR A L i SRS PE AR A ST 45 2R, W€ SAEIRIR R B ARME (L) WF: HZE. IR
oo AR PR 2R MR RO, MOTHRE. MEEHFASE. MOHTRIERSE
By e dabs, DEEBOCHSS, BUBCEFRbn Il S AE oK ME s AR By h PSR bs . BOT-EEAE N
HARRKNSHEE, DS R SR b8 AT K ORI i I TC B AL T SE3RAS 25 Ja A R %
SEARARIORER R AL, MR 2 R T SR A BCE R, 7T 53R A5 2% R IR U i B RIS € SR R
4, SRR 7. BRI BRI, IBORIR LR, 2R W2 o i A AR (B A S by,
RTONEERTA, HURBLS HRERE (P8 MIRGREEHA ok (0.403) , TIREIIKEERE (P10)

IR B RBEE RN (0.277)
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Table 7 Comprehensive quality ranking of different natural populations for jujube kernel-using in Inner Mongolia based on grey

correlation analysis

= =]
SEm

! IR EE oegs
JEyiid
Weighted correlation Comprehensive ranking
Population
degree
P1 0.368 3
P2 0.365 5
P3 0.349 8
P4 0.353 7
P5 0.379 2
P6 0.310 9
P7 0.366 4
P8 0.403 1
P9 0.354 6
P10 0.277 10
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