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Comprehensive Evaluation of Fruit Quality of Dried Jujube

Germplasm Resources
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Abstract: To evaluate dry jujube germplasm resources fruit quality, dry jujube germplasm main evaluation index and
determination criteria, screening out excellent dry jujube germplasm, this study selected 197 dry jujube germplasm as a research object,
based on the hierarchical analysis of the physical quality, appearance quality, and intrinsic quality multi-level analysis and evaluation,
from 22 quality traits selected key index construction comprehensive evaluation system, using the method of combining hierarchical
analysis and gray correlation of dry jujube germplasm fruit quality is a thorough analysis and comprehensive evaluation, and according
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to the weight and weighted correlation, screening excellent dry jujube germplasm. The results show that there are some differences in
physical quality, appearance quality, and internal quality traits, with a variation coefficient of 5.70% -68.40%; There are different
correlations among quality traits. In the evaluation index, fruit adhesion and fruit quality are the main evaluation index by the
correlation on the method of correlation. Using hierarchical-grey correlation analysis, the quality of 197 samples was evaluated and 15
samples with excellent comprehensive quality were selected.

Keywords: Chinese jujube; Germplasm resources; Dried germplasm; Hierarchy-grey association analysis; Comprehensive

evaluation.
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Table 1 Frequency analysis of fruit quality traits in dried jujube germplasm

PR PR 59 Grading of charater

Trait 1 2 3 4 5
R R 4 AN

FC (0.156) (0.303) (0.541)

SRR ElE BT TR

FFR (0.619) (0.324) (0.057)

A T ¢ i i

PSH (0.319) (0.565) (0.116)

RAFE G| H -



PE (0.167) (0.361) (0.472)

ARG /N i X

PV (0.197) (0.437) (0.366)

RAEE b i =

PUT (0.187) (0.456) (0.357)

R i i &

PET (0.335) (0.367) (0.298)

RREE B B Ee

PC (0.243) (0.431) (0.326)

SRR gl i il

PF (0.286) (0.517) (0.197)

ESHIILS ¥ (BEi) fii) W&

FS (0.067) (0.218) (0.522) (0.193)

ESH LS ¥ TR i3 R

FST (0.857) (0.106) (0.037) (0.000)

HSTEAR [5]J% PR % KT (ERRA [54:
FS (0.159) (0.336) (0.205) (0.145) (0.155)
RPN Wz % i I Wir
TE (0.005) (0.065) (0.365) (0.461) (0.104)
SEVEA Wz %= EY b WuF
AE (0.000) (0.091) (0.456) (0.419) (0.034)

7E: FC: JSLFith; FFR: REFRAE; PSH: RPHAE PE: MM PV: RAKIE; PUT: REWJEE; PET: REJEEE; PC: RAKHEE;
PF: RPHIAN; FS: SRR FST: LUK FS: RIJBAR: TE: HEGTH: AE: SMUIFH
Note: FC: Fruit color; FFR: Peel flat range; PSH: Pulp soft and hard; PE: Pulp elasticity; PV: Pulp viscosity; PUT: Pulp thickness; PET: Peel thickness; PC:
Pulp compactness; PF: Pulp fineness; FS: Fruit sweet; FST: Fruit sour taste; FS: Fruit shape; TE: Taste evaluation; AE: Appearance evaluation.
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Table 2 Description and statistical analysis of the quantitative trait data in dried jujube germplasm

AR Trait 5 RAEH Max. f/MHE Min. {8 Mean FrifEZ SD. AR RECV.
fifiJ¥ Hardness/N 4690.293 413.320 1347.244 829.655 0.616
HEBH% Adhesiveness/(N « S) -0.179 -395.657 -41.148 61.175 -1.487
F#% Springiness/mm 1.513 0.696 0.923 0.140 0.152
PN 2% 71 Cohesiveness 0.863 0.591 0.744 0.042 0.057
Fi/% Gumminess/N 3307.814 300.526 982.403 570.090 0.580
NI % Chewiness 4074.490 282.741 938.070 641.925 0.684
6] 5 ¥ Resilience 0.465 0.132 0.237 0.050 0.210
HHLE Fruit weight/g 15.668 1.990 6.146 2.536 0.413
& /K% Fruit water content/% 43.830 11.434 24.942 6.879 0.276
TJ % Edibility ratio/% 100 95.530 94.089 7212 0.077
0] ¥i# %€ R Titratable acid content 1.204 0.383 0.999 0.079 0.079
T HEE FE4 Soluble solid content/% 72.000 36.000 63.680 8.756 0.138
T M S & Soluble sugar content/% 80.260 22.271 45.387 10.522 0.232

13 MR MR 7 RECH 5.70%-68.40% . TERSLANU G AT, FRRELHREE, FKE, 7T
TR R RED NN 41.30% 27.60%. 7.70%; FERSEALEME T, rHAEEEY &8, orErEpE
SR, MEREEL R RSN 13.80%. 23.20% 7.90%; {E RSP SR 5 T, 502 iE g AR
TR A, N 68.40%, HIKZRLZEE (61.60%)  RILEF 58.00%, RELHNRIER R
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FE: FOH: BYRMEE; FUA: SERREMIME; FUS: BERGEME; FJCO:. BEEMES; FIG: BEEFE; FICH: BERIBMEE; FIR:

BEOREEM; DIH: FRMERE; DIA: FRKMIME; DJIS: TR M; DICO: FERMAES; DIG: FEFE; DJICH: FHRIERE

FE; DR: FEEIEM; DIFW: FHRERE; DIER: FEARE; DIPM: FEEKE; DITAC: FEALHEIR S E; DJISSC:
FTEMAMBERIEE; DITSC: TEARFERESE. TH.

Note: FJH: Fresh jujube hardness; FJA: Fresh jujube adhesiveness; FJS: Fresh jujube springness; FJC: Fresh jujube cohesiveness; FIG:
Fresh jujube gummiiness; FJC: Fresh jujube chewiness; FIR: Fresh jujube resilience; DJH: Dried jujube adhesiveness; DJA: Dried
jujube adhesiveness; DJS:Dried jujube springness; DJC: Dried jujube cohesiveness; DJG: Dried jujube gummiiness; DJC: Dried jujube
chewiness; DJR: Dried jujube resilience; DJFW: Dried jujube Fruit weight; DJER: Dried jujube edibility ration; DJPM: Dried jujubr
percentage of moisture; DJTAC: Titratable acid conten; DJTAC: Dried jujube soluble solid content; DJITSC: Dried jujube Total
soluble sugar content.The same as below.

E 1 BMRFRRE SR EMREX M RE
Figure 1 Heat map of correlation of quantitative traits in dried jujube fruit
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Table 4 A hierarchical structure model for fruit quality evaluation of dried jujube germplasm

HirZ HEN = EiEL A=
Target layer Criterion layer Index layer
PR Yy TP L OREBAIYE SRPE. AERIT. BERE. THIERE. [IEME
Jujube fruit quality AL 5T FRE, RITBIR, REFitn, RETRE
PAE i 5T REERE. RAERE AL, RARERE, Riivk, LUk, TR, SKE,

PSR PV O R R O
FEAED 2 P 5T ALt AT P9 FE 5 3 K SRR AR IR A 1-9 Hn BEVEU SRS B AE B e TS A

B o AR S b ot R 3 U2 U R R — SO AR I 2 R AR 50 s mT . AEvENZ i, RS A A i
R A MR TR AR, R TR SR A LU B AL, BRI A TR g HOR RIAM I BT, AE
LT B H AT R b, T AR SR B A e RS A N T Bk R Sk K K ik iE, A TR 3
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Table S Level termination matrix and consistency test results of fruit quality factors of dried jujube germplasm

Ei=p gt LR AP it 5 PFE 5 N CR{H — B e A
Indicator type Material quality Exterior quality Internal quality Weight CR price Results of the consistency test
=N
MERE 1.000 0.500 0.333 16.378%
Material quality
NE=Nc=
SPRBR 2.000 1.000 0.500 29.726% 0.009 i
Exterior quality
(===
T R 3.000 2.000 1.000 53.896%

Internal quality

A GLSE ST AR B R AR R K — B R IR A5 R AR 6. R 7. K 8. HIRTTAL, TERIAMILG T,
PRORLE . RCT R BE RS, HORE RN TR TY RS ), RECT R R TR R SR
VEEIFRAR, RIC T 2 AT A A S ST () S B R s 7R SRS R T b, LR R A TR UL A U
AR A I Fe b, LR EEE AL, TSR A SR S TR T R s, DRI R A e R ) R
VR HEbRZ —, HUCRERE, R B RN R — TR bR ESRSE R R, SR SEE R & A,

FURRPF ) RS T K e BB B, X S SEBRARSE &, BRI R TE P ZE ST AN R 0 b oy de R,
EERE S R PEEEEY S B A, BN 0.182764 0.12613 F1.0.09104, AT IE K
B i RAT A ] T A S T A S S TR A B IR T, T g SO A N B Ee g

S fD
Ao
=

)
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Table 6 Level termination matrix and consistency test results of fruit quality traits of dried jujube germplasm

AL T F bR R RSETAR RSEGE R RS BE (%)
Appearance quality index Fruit weight Fruit shape Fruit color Peel flat range Weight
ﬁ%ﬁ . 1.000 5.000 2.000 1.000 35.461
Fruit weight
RITAR 0.200 1.000 0.250 0.200 6.492
Fruit shape

S
%%fj‘é 0.500 4.000 1.000 0.333 18.586
Fruit color
REET I 1.000 5.000 3.000 1.000 39.461

Peel flat range

—EER I g A T

The consistency test results are passed; The same as below
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Table 7 Level termination matrix and consistency test results of fruit quality traits of dried jujube germplasm

Y TR R T R B P MRS R MFL I i EF=K R
Material quality index Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Resilience Weight
T 1.000 5.000 2.000 3.000 1.000 0.167 5.000 15.391%
Hardness
Hi Wi 0.200 1.000 0.333 3.000 1.000 0.143 3.000 7.640%
Adhesiveness
ﬁﬁ‘ . 0.500 3.000 1.000 5.000 1.000 0.125 1.000 10.008%
Springiness
NE 0
: 0.333 0.333 0.200 1.000 0.250 0.125 0.333 3.069%
Cohesiveness
Al B
I . 1.000 1.000 1.000 4.000 1.000 0.200 3.000 10.544%
Gumminess
IH 13
H %E 6.000 7.000 8.000 8.000 5.000 1.000 8.000 48.012%
Chewiness
@E‘ﬁ 0.200 0.333 1.000 3.000 0.333 0.125 1.000 5.336%
Resilience
ta R Gl R P S P
Note: The consistency test results are passed.
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Table 8 Level termination matrix and consistency test results of fruit quality traits of dried jujube germplasm
: ATV .
R Resk Rk A E T
o - R " . Y BKE .\ Z
e T ol B mmm o oam omw o was NE mae WM e
Intrinsic quality S o T Pulp Fruit Fruit Edibility Titratabl e Soluble .
index Peel Pulp Pulp mnact ; . Latio water d Soluble " Weight
thickness fineness thickness ~ S°P2¢ swee sou content eac solid Susa
ness taste taste content content
content
%EZEE 1.000 0.500 2.000 0.333 0.250 0.333 0.333 2.000 0.500 0.333 0.250 3.868%
Peel thickness
R4 0
2.000 1.000 3.000 0.500 0.333 2.000 0.500 2.000 0.500 0.500 0.250 6.254%
Pulp fineness
%WEE 0.500 0.333 1.000 0.250 0.200 0.200 0.250 0.500 0.500 0.500 0.200 2.720%
Pulp thickness
oA
RN L 3.000 2.000 4.000 1.000 0.333 0.500 0.500 4.000 3.000 0.333 0.250 8.493%
Pulp compactness
RS R 0
. 4.000 3.000 5.000 3.000 1.000 3.000 3.000 5.000 5.000 3.000 1.000 20.640%
Fruit sweet taste
%*M% 3.000 0.500 5.000 2.000 0.333 1.000 0.500 2.000 1.000 0.500 0.333 7.506%
Fruit sour taste
TR Y
o . 3.000 2.000 4.000 2.000 0.333 2.000 1.000 4.000 0.500 0.500 0.250 9.104%
Edibility ratio
Bk
. 0.500 0.500 2.000 0.250 0.200 0.500 0.250 1.000 0.333 0.333 0.250 3.206%
Fruit water content
AR
Titratable acid 2.000 2.000 2.000 0.333 0.200 1.000 2.000 3.000 1.000 0.333 0.500 7.319%
content
VAL TR &
Soluble solid 3.000 2.000 2.000 3.000 0.333 2.000 2.000 3.000 3.000 1.000 1.000 12.613%
content
EIRGRC e
Soluble sugar 4.000 4.000 5.000 4.000 1.000 3.000 4.000 4.000 2.000 1.000 1.000 18.276%
content

e Bk e i .

Note: The consistency test results are passed.

AR HE = AE A2 BB AT SR AR AEME U2 AP AL (1 2) o X AU o SRS it ot 8 R A 2
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WG IR RECPRERE . PUREE . RSIEHRR. RS, WEMERE S R B, WY A R
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SRIHE PP (n=2. T20%) =
FAREAEK DIPU (n=9. 104%)
SREFHE PET (n=3. 868%)
W PUT (n=6. 254%)
FRTWERER DITAC (0=7.319%) —
SRELMBE FST (n=7. 506%)

N

RAEER PC (n=8.493%)

FRARE DJER (n=9. 104%) —

FRAFEEEHER DISSC (n=12. 613%)

FAAHIEBMER DITSC (n=18. 276%)

SRIATE FST (n=20. 640%)

FARAES DICo (n=3.061%)

FARMHE DA (n=7. 640%)

~ FRERE DIV (n=35. 461%)

SR FC (n=18. 586%)

DJS (n=10. 008%)
TR d FABM DJC (1-10.54%)
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Figure 2 The weight value and proportion pie chart of the index layer in the target layer
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Table 9 Weight and ranking of fruit quality index of dried jujube germplasm in the target layer
R HREE IR e | g HARR IR e | sgise HARRRBIARL
Water in the target . Water in the target . Water in the target .
Index layer Ranking | Index layer Ranking | Index layer Ranking
layer layer layer
ST RE TIF % fiF .
RECT 0.39461 2 i %E 0.48012 1 %%Eﬁ[’* 0.20640 4
Peel flat range Chewiness Fruit sweet taste
i Vo3 PoS=N
$%$ . 0.35461 3 L 0.15391 7 FIEER O R 0.18276 6
Fruit weight Hardness Soluble sugar content
5 Pa N 2 g Ao B
R 0.18586 5 B 0.10544 9 T ER Y E R 0.12613 8
Fruit color Gumminess Soluble solid content
%%%'{k 0.06492 16 ﬁﬁa . 0.10008 10 HQX . 0.09104 11
Fruit shape Springiness Edibility ratio
K Mﬁi 0.07640 13 RN L 0.08493 12
Adhesiveness Pulp compactness
| 7]
EEE 0.05336 18 %%E&D* 0.07506 14
Resilience Fruit sour taste
X g S R A EL
W71 0.03069 21 THERE R 0.07319 15
Cohesiveness Titratable acid content
RAERE
Pulp thickness 0.06254 17
R
Peel thickness 0.03868 19
Bk
Percentage of 0.03206 20
moisture
FH4
RATHLA 0.02720 22
Pulp fineness

2.4 TEMRRLMREEEN
RERERAINER TIEME 5SS H A MARERE,  BEM AT X PP BT VRO . AW TR SE T b T
T HE 1A Sk AR G ) T 5 % 5 AR T

AR SR RS R R A TR ASIRIR A BRI, 57k

oy

Y NS HEME (R 100 £1D .
= 10 EF R R L ARIFHIFRHE

Table 10 Dried jujube germplasm and fruit quality evaluation criteria

PR Trai HhsE BT Wi (S8

MR Trait Secondary Preferably Excellent (parameter value)
SR Fruit shape [TEpIA A [54: 72
HSEFE Fruit color R 4 7N



F BT FEJEE Peel flat range ElE BT =

7 JELJE Peel thickness E i -

A JEJE Pulp thickness i h I

R PFE Pulp elasticity 55 EY [

ARG Pulp viscosity N * h

A Pulp soft and hard fift % h

FAFAA Pulp fineness H h o

RN K% Pulp compactness Bifn B W

HESZFEHR Fruit sweet TEH i) TR

SR Fruit sour taste I3 TR ¥

xR 1M FEMRRELMBEITHIRE

Table 11 Dried jujube germplasm and fruit quality evaluation criteria

KBTE  CRBRE TS FEEE T THE GBI
IR Trait Taigu poy Hand over Jishan plate Prudential 0il ~ Yanchuan dog Mean value
bottle jujube city jun jujube jujube jujube head jujube (parameter value)

fifi 5 Hardness/N 1203.677 1475.105 1616.815 1182.209 1087.052 1312.971

FhB 1 Adhesiveness/(N « S) -12.585 -19.437 -6.495 -23.814 -11.360 -14.738

# M Springiness/mm 0.896 0.932 0.895 0.955 0.953 0.926

4 %€ 77 Cohesiveness 0.732 0.725 0.761 0.821 0.780 0.764

%% Gumminess/N 875.448 1063.462 1223.441 977.552 839.513 995.883

FHWESE Chewiness 782.222 994.796 1179.504 931.547 824.329 942.479

[7] 52 ¥k Resilience 0.206 0.203 0.239 0.358 0.236 0.248

HHLE Fruit weight/g 4.578 9.074 6.598 6.588 5.596 6.487

7K # Fruit water content/% 13.869 16.484 27.079 28.972 30.940 23.469

T & % Edibility ratio/% 96.214 95.739 96.544 94.809 92.709 95.203

W] %€ MR Titratable acid content 1.006 1.012 0.872 1.016 0.968 0.975

AV HEE T4 Soluble solid content/% 70.000 72.000 70.000 69.000 76.000 71.400

AT MERE S8 Soluble sugar content/% 54.442 57.167 56.220 55.860 64.600 57.658

OSBRI AT AR AL . TEENAL T, 3 REUI 0.50, B IPNTRAREROCER, it EL ARG

Ko, BRVGEVPMHER R, RIS JZ R Wi 2 B 25 i BOF O SRR B, THSRESRAS 40 o SRS o
FINBUR (0 R IR FEHEAL (3R 120 o iERAT AL, SERUHER AT 15 48 M5 23 ) B Ll i & IR
B, BUEME. JLRURTA RBRWMA. SRR /b, 1k, s, Rk

SR

TR B AR
T A,

®12 FEMRR

FaRM R B XK ITER

Table 12 Results of grey association analysis of dried jujube germplasm

B2 5.

Blg. K5, AR, IRERAE-1;
RECKA, 114 8
BB

ERRE HE,
N

EEA. BIEE.

INBGHEA T 15 42 8RR 20 B IMRE . KA
TN RAN RSN | 71 N

R 2 Pk ERORTE 4 S SIIES 2, L EYVER5I HE4 T SRR HE4
Germplasm lspbar ranking Weighting ranking Germplasm lspbar ranking Weighting ranking
name correlation degree Correlation degree name correlation degree Correlation degree

(IS 0.9938 1 0.9858 3 LR 0.8946 100 0.9604 95
B 0.9925 2 0.9846 7 BTN 0.8946 101 0.9263 182
LRI 0.9919 3 0.989 1 ARG O 0.8944 102 0.9584 104
EU T 0.9912 4 0.9800 22 o i R 0.8943 103 0.9593 100
JEERTFE 0.9905 5 0.9842 11 IR 15 0.8924 104 0.9562 111
RETIHE 0.9900 6 0.9860 2 F# 25 0.8912 105 0.9580 107
EHRE 0.9891 7 0.9847 6 VST RS 0.8911 106 0.9564 109
PN NS RS 0.9886 8 0.9843 10 MR R 0.8901 107 0.9594 99
TN A S AL 0.9812 9 0.9848 5 F& 45 0.8883 108 0.9643 79
GRS 0.9809 10 0.9845 8 iy B A Sk R 0.8883 109 0.9531 120
REKE 0.9809 11 0.9856 4 EEDCY &S 0.8875 110 0.9590 102
KEH 15 0.9806 12 0.9801 26 TRELEE 0.8852 111 0.9581 106
K15 0.9806 13 0.9755 36 IR A 0.8847 112 0.9510 130
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B R®E 0.9041 86 0.965 77 A 0.8234 185 0.9210
IR A% & 0.9036 87 0.9624 85 R AT 0.8234 186 0.9250
REEARATA 0.9026 88 0.9613 91 HERS IR I SK 0.8219 187 0.9292
HRH B0 & 0.9026 89 0.9660 74 K7 W 2 e 0.8216 188 0.9170
et NI 0.9022 90 0.9621 88 HIRAE 0.8214 189 0.9172
MHEBUER 0.9000 91 0.9612 92 HERE 0.8188 190 0.9151
PR e 0.8997 92 0.9585 103 AR 0.8174 191 0.9535
R&35 0.8987 93 0.9563 110 EFN 0.8170 192 0.9200
S TIPFREEES 0.8986 94 0.962 89 KB 0.8143 193 0.9091
THEBH B a0 & 0.8959 95 0.9615 90 PNUS RS 0.8041 194 0.9150
NS 0.8959 96 0.9825 15 R % 0.8035 195 0.9190
HATZE 0.8958 97 0.9582 105 35 0.8021 196 0.9090
Wk 15 0.8955 98 0.9542 115 a1 s 0.8097 197 0.8300
KB A 0.8949 99 0.9633 82
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